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HE search for the best surgical procedure for the treatment of duodenal 

uleer continues in many centers throughout the world. For many years we 
employed either a partial gastrectomy alone or combined with a bilateral vagus 
resection as the operation of choice for this condition. Even though our results 
were more than satisfactory, in either group,’* we continued to develop and 
evaluate other newer surgical procedures. 

On July 1, 1957, we began to utilize an antrectomy and bilateral infra- 
diaphragmatic vagus resection in all patients coming to surgery for the treat- 
ment of chronic duodenal ulcer. 

PURPOSE 

The purpose of this report is to present our results of this procedure of 
antreetomy and vagus resection. The selection of patients for surgical inter- 
vention was based upon the universally accepted criteria. These are hemor- 
rhage, perforation, obstruction, recurrent ulceration, pain, and intractability. 
This report includes 115 consecutive male patients treated for chronie duodenal 
uleer on the surgical service of this hospital from July 1, 1957, to Jan. 1, 1959. 


AGE INCIDENCE 

The average age was 49.3 vears; the youngest was 24 years and the oldest 
was 71 years of age. The greatest number, 34.7 per cent, were in the 40 to 49- 
year-old age group. However, 28.8 per cent were over 60 years old (Table I). 
These two larger age groups correspond to the current average ages of the 
veterans of World Wars I and IT. 
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TABLE I. AGE DISTRIBUTION 


AGE NUMBER PER CENT 


20-29 2 
30-39 25 
40-49 40 
50-59 15 
60-69 31 
70-79 2 
Total 115 














DURATION OF SYMPTOMS AND PREOPERATIVE COMPLICATIONS 


The average duration of symptoms prior to resection was 11.5 years. In a 
high percentage of cases, the patients experienced various complications. The 
greatest number had pain and intractability and/or gastrointestinal bleeding. 
Of the group with bleeding (45 per cent), 26 per cent were classified as massive, 
9 per cent moderate, and 10 per cent minimal. In 5 per cent perforation had 
occurred. Ten per cent developed pyloric obstruction. 

As a result of these complications, other surgical procedures had been per- 
formed prior to institution of final definitive surgery (Table II). 


TABLE II. PREVIOUS SURGICAL PROCEDURES 





TYPE ] NUMBER | PER CENT 








Gastroenterostomy 3.9 
Partial gastrectomy é 7 
Perforated ulcer, closure 2.6 
Total ‘ 8 





PREOPERATIVE GASTROINTESTINAL BLEEDING 


In this survey are included all the cases in which bleeding occurred. As 
noted previously 45 per cent gave a history of bleeding or were admitted during 
an episode of hemorrhage. Antrectomy and vagectomy was performed in 22 
per cent of the patients as an emergency procedure. In every case except one 
the uleer was removed. 


TABLE III. AGE INCIDENCE AND DEGREE OF BLEEDING 





NUMBER OF TYPE OF BLEEDING—PER CENT OF TOTAL 115 


AGE PATIENTS MASSIVE | MODERATE MINIMAL 
20-29 3 : 0 
30-39 14 } 4+ 
40-49 15 : 3 
50-59 5 : 0 
60 or over 15 8 2 


Total 52 (45%) 25% 9% 














Twenty-seven patients (52 per cent) had recurrent episodes of bleeding 
preoperatively. In all but 2 cases the bleeding had occurred more than once 


(Table IV). 
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TABLE IV. AGE INCIDENCE AND RECURRENT HEMORRHAGE 








NUMBER OF TIMES HEMORRHAGE OCCURRED 
2 | | OVER 3 TOTAL 





AGE 
20-29 0 
30-39 0 
40-49 6 
50-59 
60 or over 
Total 
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PREOPERATIVE GASTRIC ANALYSIS 


Preoperative gastric analysis for free acids in the fasting stomach, after 
Histolog injection and after Hollander’s insulin test, was performed in all 
cases except in those patients with active hemorrhage. In 62 (53 per cent) of 
the patients free hydrochloric acid was present in the fasting stomach in 
amounts higher than 35 units; after Histolog injection in 80 (69 per cent) 
and in 112 (98 per cent) patients free acids over 35 units were revealed. 

The 12-hour night volume resting secretion studies revealed the average 
volume of 920 ¢.e. in each patient with a maximum of 3,400 ¢.ec. in one patient. 


TYPE OF OPERATION PERFORMED 


The procedure was accomplished through a supraumbilieal, elliptical, trans- 
verse, or right subcostal transrectus abdominal incision. The vagectcmy was 
performed after mobilization of the lower esophagus through the esophageal 
hiatus. The vagus nerves and their branches were completely dissected free 
for a distance of about 3 to 4 inches from the esophagus to the stomach. This 
portion of the vagal pathways was resected. 

The antral portion of the stomach was resected. About 25 per cent of the 
stomach was removed from just distal to the pyloric ring to a point where the 
rugae began in the lower one-third of the stomach. This segment we con- 
sidered grossly as the antrum; representing one-fourth or less of the stomach. 

The duodenal ulcer was resected in 69 (60 per cent) of this series of cases. 
This ineluded all the patients hemorrhaging from the ulcer except one. In the 
remaining 40 per cent the ulcer was not disturbed. 

An antecolic gastrojejunal anastomosis (exeept in one), Polya type, was 
accomplished using a short afferent jejunal loop. In 14 per cent of the cases 
in this series a Hofmeister type of anastomosis was performed. 

The abdominal wounds were closed by approximating the anterior and pos- 
terior rectus sheaths with interrupted fine silk sutures. The majority of the 
patients were ambulatory on the first day. 


RESULTS . 

The follow-up studies were conducted at 6-month intervals. The first 6 

months the patients were seen as outpatients, however, at 12 months and yearly 

intervals thereafter the patients were admitted to the hospital for a complete 
clinieal and laboratory evaluation. 
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During the first 6 months of the follow-up study period 108 patients were 
seen; 75 patients had a 12-month follow-up and 15 completed an 18-month 
check-up. 
POSTOPERATIVE COMPLICATIONS 


Twenty-seven patients (23.4 per cent) developed postoperative complica- 
tions. The type and number are listed in Table V. The most frequent com- 
plications were gastric atony (delayed emptying), hepatitis or homologous serum 
jaundice, and pulmonary. 


TABLE V. POSTOPERATIVE COMPLICATIONS 
(IN 27 PATIENTS) 




















TYPE NUMBER PER CENT 

Wound 

Abscess 1 0.86 

Dehiscence 1 0.86 
Pulmonary 

Atelectasis 3 2.58 

Infarction l 0.86 
Miscellaneous 

Abscess, subhepatic 2 1.72 

Atony, gastric 9 7.74 

; 1.72 


Diarrhea, mild, nonspecific 2 72 


Diarrhea, enterocolitis, specific ] 0.86 
Hepatitis 3 2.58 
Hypoprothrombinemia l 0.86 
Jaundice, homologous serum 2 1.72 
Jaundice, transient 1 0.86 
Leak, duodenal stump l 0.86 
Oligurie uremia l 0.86 
Pancreatitis, acute 1 0.86 
Peritonitis, aeute I 0.86 
Psychosis ] 0.86 
Total 32 27D 





POSTOPERATIVE DEATHS 


There was one (0.87 per cent) postoperative death, which was due to an 
acute necrotizing pancreatitis. This patient did poorly immediately following 
operation. He had a large penetrating chronic ulcer involving the head of the 
panereas; the superior rim of the uleer was close to the pylorie ring. In order 
to obtain a safe closure of the duodenal stump, it appeared necessary to resect 
the ulcer. 

It is important to note that no deaths occurred in the 52 (45 per cent) 
patients with bleeding and particularly noteworthy is the faet that no deaths 
occurred in 23 (22 per cent) patients who were operated upon as an emergency 
procedure during the time of continued and/or massive bleeding. 

POSTOPERATIVE GASTRIC ANALYSIS 

In all patients studied (108), repeated gastric analyses of the fasting 
specimen, after Histolog injection and after Hollander’s insulin tests, revealed 
no free hydrochloric acid. This achlorhydrie state has persisted in all cases. 

The 12-hour volume of the resting gastric night secretions was reduced 
from a preoperative average of 920 ¢.c. to an average of 320 ¢.¢. 
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POSTOPERATIVE GASTROINTESTINAL ROENTGENOGRAPHIC STUDIES 


Repeated postoperative follow-up gastrointestinal roentgenographie exami- 
nations revealed a satisfactorily functioning stoma in 75 patients examined. 
The average emptying time of the gastric remnant within 6 months after surgery 
was 80 minutes. However, by the end of the first year in this same group the 
emptying was considered normal, with complete emptying in 30 to 40 minutes. 

Repeated motor meal roentgenographie studies of the small bowel in 52 
eases revealed that dumping, segmentation, puddling, and hypemotility with a 
delayed transit time existed in 40 per cent. However, even though these changes 
were seen on x-rays, the patients had no signs or symptoms related to a disturbed 
motor function. By the end of the first year, a repeat examination in 90 per 
eent of the 52 patients revealed the motor meal studies to be within normal 
range without any further evidence of disturbed motility or pattern. 

EVALUATION OF FOLLOW-UP STUDIES 

All patients gained weight following surgery. By the end of the first 6 
months postoperatively, the patients reached their preoperative weight. By the 
end of the first year, the average weight gain was 10 pounds and by the end of 
18 months the average gain in weight was 14 pounds. In addition to this 
favorable response, 95 per cent of the patients maintained themselves on three 
meals a day with an occasional snack between meals, without any major restric- 
tions in dietary measures. 

Diarrhea and the dumping syndrome were infrequent and were not seriously 
handicapping any patient. In faet, after a period of readjustment there were 
no eases of persistent or recurrent episodes of diarrhea. The dumping syndrome 
occurred in 4+ per cent of this group (Table VI). 


TABLE VI. RESULTS OF FOLLOW-UP STUDIES 
(12 To 18 MONTHS) 


























TYPE | NUMBER OF CASES 
Weight 
Gain 75 (100%) 14 pounds average 
Loss 0 
Dumping syndrome 
Mild 3 (4%) 
Diet 
Regular 75 (100%) 
Restricted 0 
Diarrhea 0 
Meals 
Three times a day 75 (100%) 
Pain 
No pain 73 (97%) 
Distress with overindulgence 2 (3%) 
Ability to work 
Good i 60 (80%) 
Poor 7 (2% 
Unable 8 (11%) 











In the group of patients unable to work or who did poorly at work, a large per cent 
were patients who were retired, were disabled because of other diseases or conditions, pen- 
sioned, or were inmates of a mental hospital. Some patients tired easily at their type of 
work; they are included in the 9 per cent. However, it must be pointed out that a greater 
number in this category were elderly patients. 
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At the present time there is no evidence of marginal or recurrent ulceration 
in this entire series. 

The over-all evaluation of the results in 115 patients was considered ex- 
cellent to good in 94 per cent of the cases. 

COMMENT 

This procedure to date has proved more effective in acquiring the desired 
results in the treatment of chronic duodenal uleer than any other operation 
we have employed in the past. It ean be accomplished with a lower morbidity 
and mortality than most other surgical procedures currently being used. 

It is interesting to note that in 85 per cent of these cases the procedure was 
performed by the senior house officers under the direct supervision of the full- 
time surgical staff. The operating time required is at least one-half of that of 
a partial gastrectomy with or without a vagus resection. Too, it is important 
to point out that there was only one death (0.087 per cent) in this series and 
that no deaths occurred in the 23 cases operated upon as an emergency during 
continued or massive bleeding. 

The hospital stay was shortened by 2.5 days as compared to other surgical 
procedures formerly used by us for this condition. 

If achlorhydria persists as it has to date in 75 patients for 12 to 18 months, 
it is unlikely that a recurrent or marginal ulcer will develop in this group of 
patients. 

The minimal complaints, no bowel disturbances, continued gain in weight 
on three unrestricted meals per day, rapid rehabilitation, freedom from signs 
and symptoms of the uleer syndrome all point to this procedure as being the 
operation of choice. In fact, we are now using it to the exclusion of all the others. 

The ulcer is usually left in situ. The only time the ulcer is removed is in 
patients with active bleeding at the time of surgery or when the ulcer is so 
situated as to prevent a safe closure of the duodenal stump. In the majority 
of instances the uleer ean be left in situ and by so applying such a policy many 
of the hazards, risks, and difficult problems are eliminated. This certainly con- 
tributes to a lower morbidity and mortality. 

Nasogastrie suction is discontinued as soon as bowel sounds are heard; this 
usually oeceurs about the second or third postoperative day. Prolonged suction 
is no longer used even in the presence of delayed gastric emptying. Even 
though, in some patients, the retention of food or liquid gastrie content is 1,000 
¢.c. or more, suction is discontinued. If the patient has distress as a result of 
overdistention from delayed gastric emptying, intermittent gastric aspiration 
is performed. 

SUMMARY AND CONCLUSIONS 


Antreectomy with bilateral infradiaphragmatie vagus resection for chronic 
duodenal ulcer is at the present our operation of choice. Its advantages include: 
(1) lower morbidity and mortality, (2) more rapid rehabilitation, (3) less side 
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effects, (4) shorter operating time and hospital stay, (5) least chanee, if any, 
for recurrent or marginal uleer formation, and (6) over-all results superior to 
practically all other operative procedures. 
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A COMPARATIVE STUDY OF THE HYDROGEN ION CONCENTRATION 
IN THE RESIDUAL GASTRIC POUCH FOLLOWING VAGOTOMY, 
ANTRECTOMY, AND GASTRODUODENOSTOMY AND 
FOLLOWING VAGOTOMY, ANTRECTOMY, AND 
GASTROJEJUNOSTOMY 


J. LyNwoop HERRINGTON, JR., M.D., AND WiLL1AM H. Epwarps, M.D., 
NASHVILLE, TENN. 
(From the Department of Surgery, Vanderbilt University School of Medicine, and the 
Edwards-Eve Clinic) 

N REGARD to the operative therapy for duodenal ulcer, an appreciable num- 

ber of reports have appeared in the recent surgical literature emphasizing the 
relatively high rate of recurrent ulceration following subtotal gastric resection 
when gastrointestinal continuity is re-established by end-to-end gastroduode- 
nostomy ('°..jroth I method).* * ® 1* 15 171% 20° There can be no doubt that a 
certain percentage of these recurrences can be attributed to the fact that an 
insufficient amount of gastric tissue was removed at the time of resection. 
Another factor sometimes mentioned as a possible contributing agent in produc- 
ing recurrent ulceration when the Billroth I method is employed is the lack of 
adequate duodenogastrie regurgitation of biliary, pancreatic, and smal] intesti- 
nal contents, thus producing little buffering effect on the residual gastric acidity. 
On the other hand, when the Billroth IT method of reconstruction is utilized, 
Walters and others’ *° feel strongly that jejunogastric regurgitation is of 
prime importance in producing a buffering-like effect at the stomal site and 
this, in turn, is responsible for the low rate of reeurrent ulceration associated 
with the latter method. Walters is of the opinion that the degree of duodeno- 
gastrie regurgitation following a Billroth I reconstruction is less pronounced 
as compared to jejunogastric regurgitation, and no doubt the increased inei- 
denee of recurrent ulceration with the Billroth I method is due to the inade- 
quate buffering effect of the small bowel contents on the residual gastric 
acidity. 

Ideas regarding the importance of enterogastric regurgitation and its 
effeet on the reduction of gastric acidity have varied widely. In the particu- 
lar experimental preparation devised by McCann,” in which the total duodenal 
eontents were shunted into the fundus of stomach, jejunal uleeration was 
produced in 80 per cent of the animals. Maier,’* using a somewhat similar 
preparation, could produce only rarely a jejunal ulcer and he felt that the low 
incidence of ulceration might possibly be attributed to the larger gastroen- 
terostomy stoma which he employed, as contrasted with the small stoma used 
in MeCann’s experiments. Maier, however, did note considerable diminution in 
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gastric acidity following the shunt procedure. Graves‘ and Ivy® diverted the 
duodenal contents into the antrum of the stomach and failed to produce jejunal 
ulceration as MeCann had done using the duodenofundie shunt. Wilhelmj** 
was able to prevent ulceration by anastomosing the duodenum to the gastric 
wall. He felt that the efficacy of duodenal secretions in lowering gastric 
acidity was due more to dilution than to neutralization. Owings and Smith’® 
produced Mann-Williamson ulcerations and noted that some of the ulcerations 
healed when the duodenal contents were shunted back into the stomach. 
Lannin™ carried out antral resection and later total duodenal regurgitation 
with the development of typical jejunal ulcers. Wilhelmj** subjected 2 ani- 
mals to gastroduodenostomy and 2 others to gastroenterostomy. In all 4 ani- 
mals he observed that large amounts of duodenal contents entered the stomach. 
He concluded that the presence of a large amount of duodenal secretions in 
the stomach could produce a hypersecretion of gastric juice, which was evident 
only after the stomach had been stimulated to secrete by histamine and not in 
the unstimulated stomach. 

Kesavalu” drained the duodenal contents into the fundus of the stomach 
and employed a reverse intestinal fistula in the pyloric region in his animals 
for the purpose of detailed study. He coneluded from his experiments that 
the presence of even the entire duodenal contents in the stomach did not cause 
effective neutralization, buffering, or dilution of gastric acidity in the fasting 
or digestive state. He felt that it was questionable if the slight and infrequent 
duodenal regurgitation that occurred normally could be a primary and essen- 
tial factor in controlling gastric acidity. Boldyreff,' on the other hand, ex- 
pressed the view that duodenal regurgitation was essential for the lowering of 
gastric acidity. 

Little work has been done to prove or disapprove the effectiveness of 
duodenal secretions in altering the acidity of the gastric juice in man. Sechmilin- 
sky'® established total regurgitation in 3 patients with marginal ulceration which 
had occurred after simple gastroenterostomy. One patient died postoperatively, 
one developed perforation of a new marginal ulcer, and the third patient suf- 
fered from a severe gastritis. Wangensteen*! established total enterogastric re- 
gurgitation in 3 patients following antral excision and 2 of the 3 patients 
developed jejunal ulcers. 

During the past 12 years, patients with duodenal ulcer requiring surgical 
treatment on our service have been subjected to bilateral subdiaphragmatiec 
vagotomy combined with removal of the gastric antrum. The Billroth II 
method of gastrointestinal reconstruction was utilized almost exclusively dur- 
ing the earlier years, but within more recent years an increasing number of 
patients have been subjected to an end-to-end gastroduodenostomy following 
bilateral vagotomy with antrectomy (Figs. 1 and 2). Our observations now 
over a period of several years suggest that the incidence of recurrent ulcera- 
tion associated with the Billroth I method appears to compare quite favorably 
with the low recurrence rate following a Billroth II reconstruction. ° 
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The purpose of the present communication is to tabulate the relative de- 
gree of peptic activity in the residual gastric pouch of patients who have had 
complete vagotomy, antral resection, and a Billroth Il reconstruction and to 
compare the peptic activity to a group of patients who underwent essentially 
the same operative procedure with the exception that gastrointestinal contin- 
uity was established utilizing the Billroth I method. 

The relative degree of peptic activity in the residual gastric pouch can 
best be determined by measuring the hydrogen ion concentration in the gastric 
juice under basal conditions, following ingestion of a test meal, and after stim- 
ulation with histamine. Peptie activity is reduced to a minimum or negligible 
degree in a pH environment of 4.5 or greater. When the pH of the gastric 
juice, however, is between 3.5 and 4.5, the possibility of recurrent ulceration 


is indeed unlikely. 





Fig. 1. Fig. 2. 
vagotomy and antrectomy with end-to-end 


Fig. 1.—Barium study following bilateral 
gastroduodenostomy. 

Fig. 2.—Barium study following bilateral vagotomy and antrectomy with a 
type of reconstruction. 


sillroth II 


In the normal individual the pH of the gastric juice under basal condi- 
tions is approximately 4.5, but upon stimulation with a test meal or histamine, 
the pH may fall to values of 2.5 to 1. In the individual with an active duo- 
denal ulcer, the pH of the gastric juice under fasting conditions is in the ap- 
proximate range of 2 to 2.5; whereas, upon stimulation with appropriate stim- 
uli, the pH may fall to levels of 1.5 to 1. 


METHOD 


Following a 12-hour fasting period, a Levin tube is introduced and the 
stomach is emptied of its contents and the secretions discarded. After a 10- to 
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15-minute period of adjustment, the stomach pouch is aspirated at 10-minute 
intervals for a period of one hour. The volume of gastric juice obtained is re- 
corded and pH determinations performed using a Beckman pH meter. Fifty 
cubic centimeters of 7 per cent aleohol is next introduced into the gastric pouch, 
and after a period of 30 minutes the gastric contents are removed at intervals of 
10 minutes for a period of one hour. Volume determinations and pH values are 
again carried out. Histamine (0.5 mg.) is next given intramuscularly, and 
after 30 minutes gastric secretions are aspirated at 10-minute intervals for 
one hour. Similar determinations are performed. After an additional period 
of adjustment, or at a future date, a standard insulin test is performed to deter- 
mine completeness of the vagal resection. From 20 to 40 units of regular insulin 
is administered intravenously, depending on the size and weight of the individ- 
ual. Gastric secretions are then obtained at 30-minute intervals for a period of 
2 hours and free acidity and pH values are determined. 


PH DETERMINATIONS 


Twenty-six unselected patients who had previously undergone bilateral va- 
eotomy and antral extirpation, with continuity established by end-to-end- gas- 
troduodenostomy, were subjected to study. The interval of time elapsing since 
the gastric surgery varied from 1 to 4 years. Among the 26 patients, 3 were 
found to have a positive gastric secretory response to insulin hypoglycemia. In 
the remaining 23 patients with a negative insulin test, the fasting pH of the 
gastric juice was found to vary from 4.3 to 7.8, with only 4 of the 23 patients 
having a basal pH value below pH 5. In most instances the pH was in the 
range of neutrality (pH 7). Upon stimulation with 7 per cent aleohol, the pH 
of the gastric juice in one instance dropped to 3.8, but no free hydrochloric acid 
response was obtained in the aspirated gastric specimen. The pH values ranged 
below pH 5 in 4 of the 23 patients upon stimulation with aleohol, and in the 
remaining 19 patients the pH values varied from 5 to 8. When histamine was 
used as a stimulant, the pH ranged from 2.1 to 4 in 6 of the 23 patients. The 
free HCl varied from 0 to 15 elinical units among the 6 patients. In the re- 
maining 17 patients the pH of the gastric juice varied from 4.1 to 7.8 for an 
average of pH 5. No free HCl response was noted in the latter patients. The 
hourly seereting volumes following aleohol and histamine stimulation have been 
exceedingly low, ranging from 0 to 50 ¢.c. The hourly milliequivalents of free 
hydrochlorie acid postoperatively have usually been 0, but in a few instances 
have been less than 1 mEq. (Table I). 

Twenty-six unselected patients who underwent bilateral vagotomy and an- 
treetomy with a Billroth II reconstruction likewise were subjected to pH studies 
of the gastric contents under basal conditions and following stimulation with a 
test meal and histamine. The group of patients had been followed from 1 to 
10 vears postoperatively at the time of the study. Insulin hypoglycemia failed 
to elicit the presence of free HCl in the gastric pouch of any of the 26 patients, 
thus indicating a complete interruption of the parasympathetic pathway in 
each instanee. 
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TABLE I. POSTOPERATIVE PH DETERMINATIONS OF THE GASTRIC JUICE IN PATIENTS UNDER- 
GOING BILATERAL VAGOTOMY AND ANTRECTOMY WITH BILLROTH I RECONSTRUCTION 





INSULIN 





CASE | 
NUMBER FASTING SPECIMEN 7 PER CENT ALCOHOL | HISTAMINE RESPONSE 
l 6.9 6.6 2.2 Negative 
Free HCl1-15 U 
2 6.9 6.7 4.1 Negative 
Free HCI-0 U 
3 6.6 7.0 4.4 Negative 
Free HCI-0 U 
13 7.1 6.4 Negative 
5 6. 6.3 4.5 Negative 
Free HCI1-0 U 
6 6.9 6.9 6.0 Negative 
7 5.0 5.5 5.3 Negative 
5 2.9 2.4 1.4 Positive 
Free HCl-1 U Free HCl-1 U Free HC1-50 U 
9 6.6 6.7 2.9 Negative 
Free HCl-1 U 
10 7.0 4.4 3.7 Negative 
Free HCl1-0 U Free HCl1-0 U 
1] 7.2 2.3 2.0 Positive 
Free HCl-2 U Free HC1-5 U 
12 7.4 8.0 7.0 Negative 
13 5.5 6.3 6.3 Negative 
14 6.0 6.2 6.0 Negative 
15 4.6 4.5 4.5 Negative 
Free HCl-0 U Free HCI-0 U 
16 7.4 7.0 6.1 Negative 
17 7.8 7.1 7.9 Negative 
18 7.5 6.8 5.4 Negative 
19 won 6.5 2.1 Negative 
Free HCl-10 U 
20 4.4 4.6 4.0 Negative 
Free HCI1-0 U Free HC1-0 U Free HCI1-0 U 
2] 4.3 3.8 4.2 Negative 
Free HCl1-0 U Free HCI1-0 U Free HCI-0 U 
22 6.2 6.5 6.7 Negative 
23 7.1 1.3 7.2 Negative 
24 4.6 3.6 a Positive 
Free HCl1-0 U Free HC1-20 U 
25 6.8 6.7 5.0 Negative 
26 4.9 5.7 2.7 Negative 
Free HCl-2 [ 








Under basal conditions of study, the pH of the gastric juice among the 26 
patients varied from 4.1 to 7.9, with a mean pH of 6.5. Upon stimulation with 
aleohol, the pH dropped below pH 4 in only one instance and this patient had 
no demonstrable free hydrochloric acid response to Tépfer’s reagent. The 
average pH in the group with aleohol stimulation was 6.2. Following the 
introduction of histamine the pH dropped to values between 2.6 and 4 in 4 
of the 26 patients. The resulting free hydrochloric acid response at this pH 
level, however, did not exceed 8 clinical units in any of the 4 patients. Many 
of the remainins 22 patients were found to have a pH approaching neutrality, 
with the mean pH of the entire group averaging pH 5.4. Following vagotomy, 
antrectomy, and Billroth II reconstruction, the hourly secretory volumes have 
likewise varied from 0 to 50 ¢.c. and the resultant hourly milliequivalents of 
free hydrochloric acid have usually been 0, or less than 1 mEq. in a few in- 
stanees (Table IT). 
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TABLE II. POSTOPERATIVE PH DETERMINATIONS OF THE GASTRIC JUICE IN PATIENTS UNDER- 
GOING BILATERAL VAGOTOMY AND ANTRECTOMY WITH BILLROTH II RECONSTRUCTION 








INSULIN 








CASE | 
NUMBER | FASTING SPECIMEN | 7 PER CENT ALCOHOL HISTAMINE RESPONSE 
1 5.7 4.4 4.5 Negative 
2 i 6.5 5.7 Negative 
3 4.2 4.1 4,1 Negative 
Free HCl-0 U Free HCl1-0 U Free HCl1-0 U 
4 6.1 6.1 2.6 Negative 
Free HCl-5 U 
5 7.4 7.0 4.4 Negative 
6 6.8 7.2 6.2 Negative 
7 6.0 6.1 3.8 Negative 
8 7.0 6.7 5.5 Negative 
9 5.5 6.2 3.7 Negative 
Free HCI-8 U 
10 7.5 7.7 7.7 Negative 
11 6.5 6.6 4.5 Negative 
12 7.0 6.6 6.4 Negative 
13 7.9 7.0 6.1 Negative 
14 4.1 3.9 3.5 Negative 
Free HCl-0 U Free HCl-0 U 
15 6.8 6.4 6.8 Negative 
16 6.6 6.8 6.6 Negative 
LW 7.0 6.6 5.7 Negative 
18 6.6 5.8 5.2 Negative 
19 6.6 4.2 4.2 Negative 
Free HCl1-0 U Free HCl1-0 U 
20 6.0 6.8 4.1 Negative 
Free HCl1-0 U 
21 7.3 7.6 7.2 Negative 
22 6.7 6.9 6.7 Negative 
23 5.7 6.3 6.0 Negative 
24 6.9 6.7 7.0 Negative 
25 6.9 6.8 6.5 Negative 
26 5.7 5.2 4.0 Negative 
Free HCI-0 U 
DISCUSSION 


Farmer’ in a clinical experiment demonstrated the value of the neutralizing 
effect of regurgitant pancreatic, bile, and duodenal contents on the acidity in 
the stomach pouch of an early postgastreetomy patient. By applying suction to 
a catheter inserted into the duodenum just distal to the closed duodenal stump 
in a patient who had recently undergone bilateral vagotomy with a 50 per cent 
resection and a Hofmeister reconstruction, he was able to remove a portion of 
the pancreatic, biliary, and duodenal secretions. Under these conditions the 
pH of the gastrie juice in the particular patient fell to within the pH range 
of an individual with an active duodenal uleer. When suction on the catheter 
was discontinued, the entire duodenal contents again came in contact with the 
gastroenterostomy stoma and gastric pouch and the pH of the gastrie juice 
promptly rose to a value approaching neutrality. This clinical experiment 
was applied to 2 other patients who presented difficult duodenal stump prob- 
lems, but the comparative results of the pH determinations were less striking. 
An additional patient showed no appreciable change in the pH of the gastric 
juice when suction was applied to the duodenostomy catheter, but it was felt 
that inadequate aspiration of duodenal contents was responsible for the failure 
to obtain a change in hydrogen ion concentration. 
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In the first patient cited, diversion of a portion of the duodenal contents 
through the catheter appeared to have a striking effect on the hydrogen ion 
concentration in the gastric pouch and this strongly suggests the influence of 
the neutralizing effect produced by the intestinal juices. Farmer’s data, how- 
ever, would have been more convincing had he been able to present a larger 
series of patients, or at least if somewhat more comparable results had been 
observed among the 4 patients whom he studied. 

Among the two groups of patients comprising the present study, the 
hydrogen ion concentration in the gastric juice has been quite similar. Pa- 
tients who have undergone complete vagotomy and antrectomy with a Billroth 
I reconstruction have demonstrated, for the most part, an achlorhydria to 
various secretory stimuli and appear to be as well protected against recurrent 
uleeration from the physiologic viewpoint as do the group of patients who 
underwent a similar operative procedure but with a Billroth IT type recon- 
struction (Table ITT). 


TABLE III. A COMPARISON OF THE’PH VALUES OF THE GASTRIC JUICE AMONG THE BILLROTH 
I AND BILLROTH II Groups OF PATIENTS 














| BILLROTH IT  =—<“CtOSsS YT - BILLROTH II 

AVERAGE RANGE AVERAGE RANGE 
Fasting HCl pH 6.4 4.3-7.8 pH 6.5 +.1-7.9 
Aleohol 6.3 3.8-8.0 6.2 3.9-7.7 
Histamine 5.0 RE ey a 5.4 :6-7.7 





When gastric aspirations were performed in this study, a somewhat larger 
quantity of bile was usually recovered from the gastric pouch in those patients 
who had undergone a Billroth II type reconstruction, but the presence of bile 
was noted in the gastric contents of patients who had been subjected to end- 
to-end gastroduodenostomy. Farmer has postulated that it is quite possible 
after vagotomy and antrectomy that there occurs a great reduction in the 
volume and degree of free acidity of the gastric juice, but there may still 
persist a small residue of gastric juice of low pH value. In turn, this small 
residue of gastric juice may readily be neutralized by very small quantities 
of regurgitant duodenal contents. 


SUMMARY 


The hydrogen ion concentration in the residual gastric pouch was deter- 
mined among a group of patients who had undergone bilateral vagotomy and 
antrectomy with end-to-end gastroduodenostomy (Billroth |) for treatment of 
duodenal uleer. Similar studies were carried out among a group of patients 
who had been subjected to bilateral vagotomy, antrectomy, and gastrojeju- 
nostomy (Billroth IT). 

Comparable pH values of the gastric juice were noted in both groups of 
patients when they were challenged with the usual gastric secretory stimu- 
lants. 
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Patients who have undergone vagotomy and antrectomy with a Billroth 


I reconstruction appear to be as well protected against recurrent ulceration 
from the physiologic point of view as do the group who have undergone 
vagotomy, antrectomy, and a Billroth II reconstruction. 


bo 
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CHOLEDOCHODUODENOSTOMY IN THE TREATMENT OF STENOSIS 
OF THE LOWER PORTION OF THE COMMON BILE DUCT 


FREDERICK ScHwarRtz, M.D., ALBERT BENSHIMOL, M.D., AND 
ALFRED Hurwitz, M.D., Brookiyn, N. Y. 


(From the State University of New York) 


TENOSIS of the terminal end of the common bile duct is a frequent finding 
in chronic disease of the biliary tract. The pathogenesis of this condition 
is not clear and many explanations have been offered. In chronic cholecystitis 
and cholelithiasis, stenosis of the common duct may be secondary to the chronic 
inflammatory process involving the biliary tract. In those cases in which there 
are stones in the common duct and in which there is a history of previous com- 
mon duct exploration, trauma may also be a contributing factor. Various the- 
ories have been advanced to explain the development of stenosis of the terminal 
portion of the common duct in the absence of biliary calculi or of previous ex- 
ploration of the duct. Trommald and Seabrook’ thought that hypertrophy and 
stenosis of the sphineter were part of the general thickening of the common 
duct which followed chronie cholangitis. Doubilet and Colp* showed in experi- 
mental animals that instillation of 0.9 per cent hydrochloric acid into the duo- 
denum in the region of the papilla of Vater produced spasm of the sphincter of 
Oddi and elevation of introductal pressure. They speculated that persistent 
spasm of the sphincter might lead to fibrosis. Giordano and Mann? observed, at 
postmortem examination of patients with chronic cholecystitis and duodenal 
uleer, a distinet hypertrophy of the muscle bundles about the terminal portion 
of the common duct and as much as a 2 mm. thickening of the sphincter. 
Imamoglu, Perry, and Wangensteen’ produced fibrosis of the lower end 
of the common bile duct experimentally in various species of animals by sutur- 
ing a small strip of cellophane, lightly dusted with dicetyl sodium phosphate, 
around the lower part of the duct. At postmortem examination there was a 
considerable degree of fibrosis with narrowing of the duct at the site of the 
cellophane application with dilatation of its proximal portion. In those animals 
in which the stricture was incomplete, stones were found frequently in the gall 
bladder, and to a lesser degree in the common bile duct. In the experimental 
animals so treated, biliary stones were found in 7 of 8 rabbits (87 per cent) 
within 4 to 16 weeks, in 2 of 8 dogs (25 per cent) in 4 to 20 weeks, and in 1 
of 2 monkeys (50 per cent) in 19 to 22 weeks. These observers expressed the 
opinion that the bile stasis which resulted from the narrowing of the terminal 
portion of the common duct favored the formation of stones in these animals. 
They also postulated that partial obstruetion of the terminal portion of the 
duet might play a significant role in the development of biliary stones in man. 
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They stated that their clinical experiences supported that theory. Pikula and 
Dunphy" studied the relationship between incomplete stricture of the common 
bile duct and gallstone formation in 13 dogs. They followed a technique similar 
to that used by Imamoglu, Perry, and Wangensteen.’ In 5 of the 9 dogs which 
developed incomplete stricture without acholie stools, friable pigment stones 
were found predominantly in the gall bladder and also in the common duct. 
The pathologie findings in the liver resembled closely those found in cholan- 
eiolitie cirrhosis in man, rather than those seen in uncomplicated cholelithiasis. 
Their study did not confirm the theory that biliary stenosis was a common 
cause of gallstone formation. They stated, however, that they could not exclude 
the possibility that a mild degree of stenosis or spasm of the lower part of the 
common duct might produce gallstones without associated liver damage. They 
also pointed out that such a relationship had been demonstrated clinically by 
various observers. 

The surgical objective in the treatment of stenosis of the terminal portion 
of the common duct is to re-establish the free flow of bile into the gastro- 
intestinal tract. The purpose of this paper is to describe our experience with 
the use of choledochoduodenostomy in 5 eases. 


CASE REPORTS 

CASE 1.—E. A. was a 71-year-old man who had had a subtotal gastrectomy for duodenal 
ulcer in May, 1953. At that time a choledochostomy had been performed and a T-tube had 
been inserted into the common duct to delineate it during the dissection of the duodenal ulcer 
from the pancreas. The patient made an uneventful recovery and was free of symptoms 
until September, 1957, when he began to experience epigastric pain. On Dee, 21, 1957, 
the night before admission, the pain became severe and persistent. On admission the 
patient was in severe distress. His temperature was 100° F. and the pulse rate was 80 
per minute. The sclerae were slightly icteric. There was minimal tenderness in the right 





upper quadrant of the abdomen. 

Laboratory findings: The white blood cell count was 11,950 with 80 per cent poly- 
morphonuclear leukocytes; the total serum bilirubin was 5.1 mg. per cent; the alkaline 
phosphatase was 24.4 King-Armstrong units; the urine urobilinogen was 2.8 Ehrlich 
units. Roentgenograms of the abdomen showed a radiopaque shadow in the right upper 
quadrant which was suggestive of a gallstone. A cholecystogram, performed following 
administration of a double dose of dye, failed to delineate the gall bladder. An intra- 
venous cholangiogram showed a dilated common bile duct with stenosis of its distal end. 

An abdominal exploration was performed on Jan, 8, 1958. The gall bladder was 
distended and contained stones. The common bile duct was thick walled and dilated, 
measuring about 2 em. in diameter. The common duct was opened and a large amount of 
sediment and many soft stones were evacuated. A ureteral catheter was passed with 
difficulty into the duodenum. A cholecystectomy and a choledochoduodenostomy were per- 
formed. The patient’s postoperative course was uneventful. An intravenous cholangio- 
gram performed on the fifteenth postoperative day showed good flow into the duodenum. 
The total serum bilirubin dropped to 1.6 mg. per cent and the alkaline phosphatase to 7.4 
King-Armstrong units. The patient was discharged on Jan. 26, 1958, on the eighteenth 
postoperative day. He was symptom free at his last follow-up examination 11 months 


later. 


Comment: In this case, stricture of the lower end of the common duct was the result 
of the close proximity of a duodenal ulcer or of trauma incurred during the operation for 
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Yecember, 1959 
duodenal ulcer. Dilatation and thickening of the common bile duct and the formation of 
stones in the duct ensued. The patient has been asymptomatic since choledochoduodenostomy 


was performed. 


CASE 2.—F. B. was a 68-year-old white woman who had had a cholecystectomy for 
cholelithiasis in January, 1957. The patient was well until April, 1957, when she began 
to experience intermittent pains in the epigastrium. On May 1, 1957, the pains became 
severe and she was admitted to the hospital on the following day, On admission the 
patient was acutely ill. Her temperature was 102° F. and the pulse rate was 80 per 
minute, The sclerae were icteric; the abdomen was soft but tender. 


Laboratory findings: The white blood cell count was 13,200 with 78 per cent poly- 
morphonuclear leukocytes; the total serum bilirubin was 5.4 mg. per cent; the alkaline 
phosphatase was 39.9 King-Armstrong units. An intravenous cholangiogram, which had 
been performed on the day prior to admission, failed to reveal the ducts. 

An operation was performed on May 9, 1958. The common duct was dilated and 
measured 2.3 cm. in diameter. The duct was explored and was found to contain much 
grumous material and many calculi. The wall of the duct was 3 mm. thick and its termi- 
nal end was markedly narrowed. A choledochoduodenostomy was performed. The patient?s 
postoperative course was uneventful and she was discharged on the twentieth postoperative 
day. She was last seen in November, 1958, 6 months following the operation. At the 
time she was asymptomatic and her physical examination was negative. 


Comment: This was a case of residual or recurrent stones in the common bile duct. 
The common duct was markedly dilated and thickened and its lower end was narrowed. 


CASE 3.—A. R. was a 54-year-old woman who had had a cholecystectomy and common 
duct exploration in July, 1957. The duct had been dilated and thick walled and con 
tained many calculi which had been removed. A T-tube was inserted. She was admitted 
to the hospital on Sept. 29, 1957, because of a persistent wound infection. A cholangio- 
gram, performed through the T-tube showed residual stones in the common duct. Reopera- 
tion was performed on Oct. 7, 1957, and about 30 stones were removed from the duct. An 
operative cholangiogram was interpreted as negative for calculi. A T-tube was left in situ 
and she was discharged from the hospital on the tenth postoperative day. The tube was 
subsequently removed. The patient remained asymptomatic until Dee. 13, 1957, when she 
developed nausea, vomiting, and pain in the upper abdomen. She was admitted to the 
hospital for the third time. On admission the patient was acutely ill. Her temperature 
was 101.8° F, and the pulse rate was 120 per minute. The sclerae showed a slight degree 
of icterus. The abdomen was soft but there were tenderness and rebound tenderness in the 
epigastric area. 

Laboratory findings: The white blood cell count was 7,500 with 68 per cent poly- 
morphonuclear leukocytes; the total serum bilirubin was 4 mg. per cent; the alkaline 
phosphatase was 17.5 King-Armstrong units. An intravenous cholangiogram, performed 
on Dee. 23, 1957, revealed a slight degree of dilation of the common duct but no calculi. 
While in the hospital, the patient had recurrent attacks of severe epigastric pain and 
fever. 

At operation on Jan. 20, 1958, the common bile duct was found to be dilated, 
measuring 2.5 em. in diameter. Its wall was thickened to approximately 5 mm. Numerous 
stones were removed from the duct. A small French catheter could not be passed into 
the duodenum. It was felt that there was a stricture at the lower end of the duct and a 
choledochoduodenostomy was performed. At the completion of the anastomosis the stoma 
was 1% inches in diameter, The patient’s postoperative course was uneventful and she 
was discharged on the twelfth postoperative day. At the last follow-up examination in 
November, 1958, the patient was in excellent condition and had gained 40 pounds in 
weight. 

Comment: This patient had had two previous common duct explorations for stones. 


At this operation the duct was found to be thickened and dilated and to contain many 
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stones. The lower end of the duct was narrowed. Since the performance of a choledo- 


choduodenostomy the patient has been asymptomatic. 


CASE 4.—Y. G. was a 57-year-old woman who had had a cholecystectomy in 1950 and a 
common duct exploration for stones in 1952. She had been asymptomatic until September, 
1955, when she began to have recurrent attacks of epigastric pain. She was admitted on 
Dec. 13, 1955, following an attack of severe epigastric pain, nausea, chills, and fever. On 
admission the patient was comfortable. The temperature was 99.8° F. and the pulse rate 
was 76 per minute. The physical examination was negative. 

Laboratory findings: The white cell count was 6,000 with 51 per cent polymor- 
phonuclear leukocytes; the icteric index was 9; the alkaline phosphatase was 5.1 King- 
Armstrong units. 

At operation the common bile duct was dilated, measuring 1.7 em. in diameter, and 
its wall was quite thick. A number of stones were removed from the duct and a No. 12 
catheter was easily passed into the duodenum. <A _ choledochoduodenostomy was per- 
formed. The patient’s postoperative course was uneventful and she was discharged 15 
days after the operation. The last follow-up examination was performed in November, 
1958, 2 vears and 11 months after the operation at which time the patient was in excel- 
lent health. 

Comment: This was the patient’s third operation on the biliary tract and the second 
common bile duct exploration. Although the ampulla of Vater was patent, it was deemed 
advisable to perform a choledochoduodenostomy to eliminate stasis and to afford any 
caleuli, which might form in the biliary ducts, free egress into the duodenum, 


CasE 5.—M. S., a 65-year-old woman, had had a cholecystectomy and common duct 
exploration in February, 1953, at another hospital. The patient had been sent home with 
In June, 1953, she developed signs of obstruction of the 
common duct and about 750 ¢.c. of dark bile was removed by drainage during a 24-hour 
period. The bile occasionally contained particulate matter. When-the T-tube was clamped 
off, the patient developed chills, fever, and slight icterus. She was admitted to the hos- 
pital on Oct. 25, 1953. On admission she appeared to be chronically ill. Her temperature 


a T-tube in the common duet. 


was 99.8° F. and the pulse rate was 80 per minute. 

Laboratory findings: The white blood cell count was 5,450 with 5 per cent polymor- 
phonuclear leukocytes; the total serum bilirubin was 4.3; the alkaline phosphatase was 
8.0 King-Armstrong units. A cholangiogram performed through the T-tube revealed a 
stone in the common duct. Stools were occasionally clay colored. 

At operation, 3 days after admission, the common duct was found to be dilated and 
The duct was explored but no stones were found. The lower end of 
the duet was narrowed and even the smallest Archibald dilator could not be inserted into 
to explore the common bile duct through a duodenotomy 


its wall thickened. 


the duodenum. An attempt 
incision also demonstrated a complete stricture of the ampulla. A choledochoduodenostomy 
was performed, The postoperative course was uneventful and she was discharged on the 
fourteenth day after the operation. The last follow-up examination was done in Novem- 
ber, 1958, at which time the patient was well and had no complaints. 

This was a case of complete stricture of the lower end of the common 
The patient has been well during the 5-year period following the 


Comment : 
duet and ampulla. 
performance of choledochoduodenostomy. 


DISCUSSION 


Dilatation of the sphineter of Oddi is the surgical procedure most fre- 
quently employed to relieve biliary obstruction due to stenosis of the terminal 
portion of the common duct. Coleock? reported good results following explora- 
tion of the duet and dilatation of the sphincter in a series of 100 consecutive 
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eases with residual common duct stones not associated with fibrosis of the sphine- 
ter. He followed 94 of these patients for periods of 4 to 6 years and found 
that only 2 patients required reoperation. 

Sphineterotomy is another procedure in common usage. Cattell, Coleock, 
and Pollack’ have reported good results following transduodenal sphincterotomy 
and the insertion of a long-arm T-tube. Eighty-one of a group of 100 patients 
treated in this manner were asymptomatic for 6 to 18 months. However, they 
considered this follow-up period too short to be conclusive. Various techniques 
of sphineterotomy have been deseribed by Cattell,t Doubilet,* and more recently 
by Jones.° 

Thompson and his associates’? have called attention to the fact that acute 
pancreatitis may follow exploration of the common bile duct and that the inci- 
dence of this complication was increased by the insertion of a long-arm T-tube. 
The mortality rate associated with this complication was 77 per cent. Newman 
and Northup’® have pointed out that the efficacy of sphincterotomy depends 
upon the completeness of the operation. If only the papillary fibers were 
divided, the more powerful choledochal muscle would be left intact and still 
capable of sphincterie action. It was their opinion that this muscle should also 
be divided in order to achieve a complete sphineterotomy. Under these cireum- 
stances, sphineteroplasty ceases to be a simple procedure and becomes a rather 
extensive and hazardous operation. Jones, Smith, and Gregory® have demon- 
strated that in patients who have had the usual type of sphincterotomy, the 
injection of morphine produced constriction of the lower end of the common 
bile duet as a result of the contraction of the duodenal wall. They believed 
that this finding was the reason why sphincterotomy for recurrent pancreatitis 
was frequently ineffective. They recommended a new operation which they 
ealled ‘‘sphineteroplasty.’’ 

We believe that exploration of the common duct and dilatation of its 
sphineter by the use of metallic instruments may be followed by iatrogenic com- 
plications. A false passageway may be created during this manipulation, espe- 
cially if any degree of foree is used. There is also the danger of producing 
postoperative pancreatitis and stricture formation.'* Finally, the improvement 
obtained by dilating the narrowed terminal duct and sphineter may be only 
temporary. We also consider it impractical to attempt to drain a large and 
dilated duct through a relatively small opening. The discrepaney between the 
size of the common bile duct and the ampulla of Vater was probably the main 
reason for the formation of grumous material and stones in Case 4. We have, 
therefore, abandoned the use of metal dilators and are employing ureteral eathe- 
ters and also urologic filiforms and followers during common duct exploration 
since they are less traumatic. When an absolute or relative narrowing of the 
lower end of the common bile duct is found at operation, we feel that an 
extensive sphincteroplasty or bypass operation should be performed. This 
situation would be comparable to the slow flow that occurs when fluid, espe- 
cially if it is viscid, drains through a narrow outlet from a wide reservoir. 

Procedures to bypass an obstruction in the terminal portion of the common 
duct by anastomosing: the duct to the intestinal tract have generally fallen into 
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disfavor because of the fear of ascending infection in the biliary tract and liver, 
secondary to the reflux of intestinal contents. Hosford® and Sanders'* ** have 
reported excellent results with side-to-side choledochoduodenostomy. They 
believed that it is the procedure of choice, since it is simple to perform and it 
is based on sound physiologic principles. Iszak and Steiger* performed 
choledochoduodenostomy in 66 patients. In 56 cases this operation was done 
because of narrowing of the ampulla of Vater due to cicatrization or spasm of 
the sphincter of Oddi and in 10 eases for postecholecystectomy syndrome. These 
authors preferred choledochodenostomy to sphinecterotomy because they felt 
that it was a simpler procedure and that it was followed by fewer complica- 
tions. Forty-nine of their patients were followed for a period of 9 months to 
7 years. They reported that none of them developed clinical signs of cholangi- 
tis, despite the fact that retrograde flow of barium into the liver was demon- 
strated radiographically in many postoperative patients. 

Our technique of choledochoduodenostomy is easy to perform. The 
duodenum is mobilized by the Kocher maneuver. A choledochotomy incision 
is then made in the lower part of the common duct and the duct is explored. 
If it is decided that a choledochoduodenostomy is indicated, the incision is 
enlarged to about 2.5 em. or more. <A side-to-side anastomosis is then per- 
formed between the duct and the duodenum, using the inner layer of inter- 
rupted 3-0 chromie catgut and an outer layer of interrupted 3-0 black silk 
sutures. When completed, the stoma should measure 2.5 em. In 4 of the cases 
we are reporting the indication for this procedure was stenosis of the lower 
end of the common duct. In one ease we decided to perform this operation 
although stenosis was not demonstrated. It was our opinion that since this 
was the patient’s third operation and her second common duct exploration, 
choledochoduodenostomy would be the procedure most likely to ensure per- 
manent relief. In our eases this operative procedure did not present any 
unusual technical problems and was followed by an uneventful postoperative 
course. We were especially impressed with the fact that our patients re- 
mained asymptomatic. We attribute the good results to the fact that in each 
case the stoma between the common duct and the duodenum was large enough 
(2.5 em. or more) to ensure its patency. It is possible that sphineteroplasty, as 
deseribed by Jones,? may have been equally effective, but this procedure is 
more difficult to perform and may be followed by a higher incidence of com- 
plications. The length of the follow-up in our cases has varied from 6 months 
to 5 years. These studies have shown that the patients have remained well 
and show no evidence of recurrent biliary disease. Our experience, together 
with that of Sanders, Hosford, and others, makes us feel that side-to-side 
choledochoduodenostomy is an efficacious and safe operation. 


CONCLUSIONS 


1. Side-to-side choledochoduodenostomy is a simple and effective pro- 
cedure for relieving biliary tract obstruction due to stenosis of the lower end 
of the common bile duct. 
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2. This procedure has also been used to prevent formation of recurrent 
common duct stones secondary to a relative stenosis. 

3. The formation of a stoma, about 2.5 em. or more in length, is essential 
since it ensures its patency and allows free drainage of the contents of the 
biliary tract into the duodenum. 

4. No complications or recurrence of biliary tract disease during follow-up 
periods of 6 months to 5 years have oecurred in the 5 cases reported. 


ADDENDUM 


Since completion of this paper, 6 additional patients have had choledochoduode- 
nostomies performed, 3 as a primary procedure and the other 3 following previous opera- 
tions on the biliary tract. In 1 case a stricture of the mid-portion of the common bile 
duet was found 1 year after a cholecystectomy and choledochostomy had been performed. 
It was possible to free the duodenum and to anastomose it widely to the proximal hepatic 
duct without tension. All these patients have had uneventful postoperative convalescences 


and are asymptomatic at the present time. 
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ADENOCARCINOMA OF THE LARGE BOWEL 
1,340 Cases W1TH 100 PER CENT FOLLOW-UP 
Victor A. GILBERTSEN, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


LTHOUGH the past century has witnessed publication of countless series 

of patients with large bowel carcinomas, relatively few have concerned 

groups of substantial size which have been followed without exception. Series 

sufficiently large in number to allow classification of lesions by site and stage 

and sufficiently well studied to permit complete follow-up would appear un- 
usual. 

The hazards of making evaluations of therapy based on information avail- 
able from heterogeneously grouped cases become more apparent when more 
detailed classification of eases is made. Selective follow-up of cases—sometimes 
indicated by omission of ‘‘cases lost to follow-up,’’ inclusion only of ‘‘ patients 
who could be traced,’’ or exclusion of those residing in another state or another 
ecountry—tends to introduce errors which may defy precise evaluation. 

The study of a substantial group of cases seen at the University Hospitals 
was done; follow-up of each ease was included. Additional information is 
presented to allow some definition of the composition of the groups involved. 


MATERIALS AND METHODS 


Study was made of the reeords of patients with primary adenocarcinoma 
in the large bowel seen at the University of Minnesota Hospitals, 1940 through 
1955. <All eases were included, whether admitted to the hospital or not and 
whether or not given definitive therapy. Patients who had previously under- 
gone treatment elsewhere and were referred here for palliative therapy, those 
with carcinoma metastatic to the bowel, and those with malignancies other than 
adenocarcinoma were not included. 

Classification of cases was made according to area of bowel involved. Usually 
little or no question existed ; in every instance, however, evidence available from 
surgeon, pathologist, and radiologist was correlated in placing the site of the 
lesion. For purposes of classification, the rectum proper (rectal ampulla or 
‘‘true reectum’’) was considered the distal 10 em. of large bowel above the anus, 
the rectosigmoid included the 10 to 16 em. area, and the sigmoid colon was con- 
sidered to extend from 17 em. to the descending colon.*-* 

Dukes’ method was utilized to classify pathologie spread of tumor in excised 
lesions.* Lesions without definite spread to connective tissue or lymph nodes 
were classified as Dukes A; those with connective tissue spread, Dukes B; and 
only those with lymph node involvement were classified as Dukes C. 
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Attention was directed to postoperative follow-up of patients. No patient 
was “‘lost to follow-up’’; information was obtained as to whether the patient 
was alive or dead, and, if dead, the date of death. For the expired patients, in 
almost every case, evidence was available regarding detected or diagnosed tumor 
recurrence. Many of the living patients were examined at the University Hos- 
pitals or had been recently seen; most of the others were personally contacted; 
in the remaining instances, relatives, physicians, and so forth supplied authori- 
tative information. 

A total of 1,340 patients with adenocarcinoma primary in the large bowel 
comprise the over-all 1940 through 1955 group. <A portion of the over-all group, 
the 1940 through 1950 series (follow-up studies of at least 5 years’ duration), 
however, received greater attention and provided the most information regard- 
ing results of present-day therapy of bowel cancer. The portion of the 1940 
through 1950 group with primary rectal lesions (ineluding rectal ampulla and 
rectosigmoid) was studied in detail regarding curative results of various opera- 
tive procedures in current use, and is presented elsewhere.° 

CASES: 1940-1955 

The over-all group of cases, consisting of patients with adenocarcinoma of 
the large intestine seen from 1940 through 1955, includes 693 cases with primary 
lesions in the rectum, 605 primary in the colon, and 42 patients with lesions 
present in several different anatomic sites of the large bowel (Table 1). Further 
classification was made indicating patients subjected to excision procedures, 
those who did not undergo excision of the lesion, and a third group consisting of 
patients seen under circumstances which allowed diagnosis but precluded con- 
sideration of treatment (diagnosis made here but went elsewhere for treatment, 
refused treatment and left hospital without being treated, and a few who were 
moribund on admission and expired soon thereafter). Study of the 1940 through 
1955 group and elassification of cases allowed some definition of the composition 
of this over-all series, description of several diagnostic factors, and notation of 
therapeutic aspects. Since many of the diagnostic criteria and symptoms are 
well known, only more pertinent aspects are indicated. 

TABLE I, ADENOCARCINOMA OF THE LARGE BOWEL 


(1940-1955 ) 


<=> | TOTAL LARGE 














| COLON RECTUM MULTIPLE SITES | BOWEL 
Lesions excised 484 523 39 1,046 
Lesions not excised 82 126 3 211 
Other 39 44 0 83 
Total 605 693 42 1,340 





Few cases were considered inoperable because of the extent of disease or 
were explored without performance of either a curative or palliative procedure; 
a total of 1,046 patients underwent excision procedures. The operative rate was 
98 per cent. Resection rate was 84 per cent (over-all), with 87 per cent for 
colon and 82.3 per cent in the rectal cases. 
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Table II indicates cases subjected to surgical excision procedures (except 
those with cancers present at several different sites). The classification ‘‘pallia- 
tive’’ was employed to separate from the curative group cases known at the time 
of operation to have allowed residual tumor to remain. Of the 1,007 cases, ex- 
cisions in 364 of 484 colon cancer cases (76 per cent) were performed for cure; 
405 of 523 rectal cancer excisions were curative. A few with records precluding 
classification as curative or palliative are listed as ‘‘indeterminate.’’ 


TABLE II. OPERATIVE PROCEDURES PERFORMED FOR ADENOCARCINOMA OF THE LARGE BOWEL 
(1940-1955 ) 














COLON AND 

COLON | RECTUM RECTUM 

Operative rate 98% 98% 98% 
Total cases 566 649 1,215 
Operation performed 556 635 1,191 
Inoperable 10 14 24 

Resection rate 87% 82% 84% 
Total operative cases 556 635 1,191 
Exploration only 14 6 20 
Nonexcision, palliative procedures 58 106 164 
Colostomy 41 105 146 
Ileostomy 3 0 3 
Cecostomy or enterostomy 7 0 7 
Bypass procedure 7 ] 8 
Excisions 484 523 1,007 
Regular excisions 393 463 856 
Curative 296 359 655 
Palliative 93 85 178 
Indeterminate 4 19 23 
Enlarged excisions 80 47 127 
Curative 62 38 100 
Palliative 18 9 27 
Other excisions 11 13 24 
Curative 6 8 14 
Palliative 5 5 10 








The term ‘‘enlarged excision’’ was employed to classify more accurately 
certain cases. Quite regularly patients are seen with lesions advanced beyond 
the boundaries encompassed by ordinary established operative procedures; at 
times, when cure or definite palliation appeared within the realm of possibility, 
excision of usual tissues, plus additional tissue necessitated by the extent of 
disease, has been done. Classifying these cases as ‘“‘enlarged’’ excisions 
separated them from usual or ‘‘regular’’ excisions, allowed better evaluation 
of any curative merit they might have had, and did not confuse operative mor- 
tality for regular excision procedures with that for enlarged procedures which 
included excision of liver, urinary bladder, abdominal wall, and so forth."” 

Some indication of the extent of malignant disease present in patients who 
underwent surgical excision procedures is indicated in Table III. Of the 755 
patients who had excisions for eure (regular and enlarged), 13.25 per cent had 
lesions which could not be excised by the usual or regularly employed excision 
procedures but which required enlargement of the operative scope by inclusion 
of substantial additional tissue. 
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TABLE III. CuRATIVE EXcISIONS PERFORMED FOR ADENOCARCINOMA OF THE LARGE BOWEL 
(1940-1955 ) 








~ COLON AND 























COLON | RECTUM RECTUM 

PER CENT OF | | PER CENT OF PER CENT OF 
| NUMBER TOTAL | NUMBER | TOTAL NUMBER TOTAL 
Regular excisions 296 82.7 359 90.4 655 86.75 
Dukes A 128 35.7 156 39.3 284 37.6 
Dukes B 62 17.4 63 15.8 125 16.55 
Dukes C 106 29.6 140 35.3 246 32.6 
Enlarged excisions 62 17.3 38 9.6 100 3.25 
Total 358 100.0 397 100.0 755 100.0 





Operative mortality for the 856 eases subjected to regular excision pro- 
eedures (Table IV) was 5 per cent. Colostomy as a palliative procedure without 
excision of tumor had a 20 per cent operative risk, and enlarged excisions a 
27 per cent rate. 

TABLE IV. OPERATIVE MORTALITY FOR ADENOCARCINOMA OF THE LARGE BOWE! 


1,129 Operative Procedures 
(1940-1955 ) 


COLON AND RECTUM 

















COLON l RECTUM 
NUMBER OF| OPERATIVE |NUMBER OF| OPERATIVE | NUMBER OF| OPERATIVE 
CASES MORTALITY CASES | MORTALITY CASES MORTALITY 
Regular excisions 393 5.4% 463 5.2% 856 5.3% 
Enlarged excisions 80 27 % 47 26 &% 27 27 % 
Colostomies 41 29 &% 105 17 & 146 20 &% 


The lesions ineluded in the over-all series, 1940 through 1955, were located 
in various areas of the large bowel; 53.4 per cent were in the rectum (distal 
16 em. of large bowel), and 46.6 per cent were in various portions of the re- 
mainder of the large bowel (Table V). When divided into right colon (trans- 
verse, hepatie flexure, ascending colon, and cecum) and left colon (sigmoid, 
descending, and splenic flexure), 22.6 per cent were present in the former and 
24 per cent in the latter. 

The mean admission hemoglobin values, ascertained for the individual 
patients with large bowel cancer, are summarized on Table V for 1,162 eases; 
the few patients who had transfusions prior to admission or with no recorded 
values are not ineluded. Although average values associated with lesions at 
various sites may superficially appear similar, it may be noted that the number 
of cases often makes these modest difference of importance. For example, while 
the mean hemoglobin for cases of ceeal cancer was 11 Gm. compared with 13 
for the rectum, hemoglobin values of 10 Gm. or below were present in association 
with 47 per cent of the cecal lesions and only 15 per cent of the rectal lesions. 
Statistically, this difference is highly significant. Anemia (hemoglobin 10 Gm. 
or less) was present in 44 per cent of patients with right colon lesions, compared 
with 31 per cent of the transverse colon cases, 17.9 per cent of the left colon 
‘ases, and 15 per cent of the patients with rectal lesions. 


CASES: 1940 THROUGH 1950 


The patients with large bowel adenocarcinoma, seen from 1940 through 
1950, were studied in more detail, especially in regard to results of surgical 
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treatment. As shown in Table VI (see also Table I), the total of 966 cases 
consisted of 433 patients with primary cancer in the colon, 501 in the rectum, 
and 32 primary lesions in several different sites in the large bowel. (The 
latter group was tabulated separately in subsequent tables; the 59 cases which 
could be considered not available for consideration of therapy—those listed 
as ‘‘other’’—are not utilized in most of the subsequent computations. ) 


TABLE VI. ADENOCARCINOMA OF THE LARGE BOWEL 
(1940-1950) 


| re l | | TOTAL 


| 
| MULTIPLE LARGE 
COLON RECTUM SITES BOWEL 
Lesions excised 330 359 29 718 
Lesions not excised 74 112 3 189 
Other 29 30 0 59 
Total 433 501 32 966 


A total of 853 of the 875 patients with large bowel cancer were subjected 
to operation (Table VII); more than 97 per cent of these patients were operated 
upon. Excisions were done on 78.3 per cent of the patients with rectal lesions 
operated upon and 83.5 per cent of those with colon lesions. Many of the 
patients who underwent operation but not excision had palliative procedures 
performed and are considered in more detail later. 

Several additional aspects of the cases subjected to excision are also shown 
in Table VII (see also Table II). Of the 689 excisions performed, 532 


TABLE VII. TREATMENT EMPLOYED FOR ADENOCARCINOMA OF THE LARGE BOWEL 
(1940-1950) 


COLON 
AND 

COLON RECTUM -ECTUM 

Operative rate 97.7% 97.3% 97.5% 
Total cases 404 471 875 
Operations performed 395 458 853 
Inoperable 9 13 22 

Resection rate 83.5% 78.3% 80.7% 
Total operative cases 395 4158 853 
Exploration only 11 5 16 
Nonexcision, palliative procedures 54 94 148 
Colostomy 38 93 131 
lleostomy 3 0 3 
Cecostomy or enterostomy 6 0 6 
Bypass procedure 7 l 8 
E.xcisions 330 359 689 
Regular excisions 256 318 574 
Curative 199 250 149 
Palliative 56 D5 11] 
Indeterminate l 13 14 
Enlarged excisions 65 31 96 
Curative 50 23 73 
Palliative 15 8 23 
Other excisions 9 10 19 
Curative 5 5 10 
5 9 


Palliative 4 
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(77.1 per cent) were performed for cure. The great majority of the curative 
excisions were of the regular variety, that is, 449 of 532 (84.3 per cent). 

The median ages of male and female patients and the percentage of male 
patients in each group are shown in Table V for those with lesions present in 
the several areas of the large bowel. It may be noted that while 54 per cent of 
the entire group was composed of male patients, 63 per cent of patients with 
cancers of the rectal ampulla were male, and 61 per cent of patients with cecal 
cancers were females. Statistical analysis indicated that the ceceal-rectal, male- 
female difference is very significant. Also, although more cecal lesions were 
present in females and most rectal lesions were in males, more females had 
rectal lesions than had cecal lesions. 

The results of excisions for carcinoma of the large bowel, revealed by 5-year 
follow-up, are shown in Table VIII for the 522 patients who underwent excisions 
for cure, 1940 through 1950. Results of treatment of patients with rectal cancer 
are presented in more detail elsewhere, but survival figures, as well as totals 
for large bowel cancers, are herein tabulated. Patients with cancers of the 
right colon showed the most favorable prognosis: 88 per cent 5-year survival 
with Dukes A lesions, 69.5 per cent for the average of A, B and C lesions, and 
39.1 per cent for the more extensive lesions which required enlarged excisions. 
Note that the results for patients with rectal cancer were less favorable than 
those for either the right or left colon or for the average of the entire colon, 
as well as for the average of the entire large bowel. (Hospital deaths have 
been deducted in computation of these figures. ) 

Table IX presents a summary of the 5-year survival data for curative exci- 
sions for the various anatomic sites in the colon. The 5-year survival rate of 
90 per cent associated with lesions of the transverse colon and the 80 per cent 
rate noted for the small hepatic flexure group are of interest. 

What might be termed an “‘over-all clinical cure rate’’ for patients with 
lesions at the various sites in the bowel is shown in Table X. The totals include 
patients who were considered inoperable, had a laparotomy only, or had palli- 
ative procedures (including palliative excisions), and all who underwent 
curative excisions. Only the patients who refused treatment, went elsewhere 
for therapy, or arrived moribund are excluded. Patients considered ‘‘cured’’ 
in this computation survived 5 or more years postoperatively without evidence 
of recurrent cancer. Hospital deaths are not deducted. It may be noted that 
this particular tabulation serves to emphasize over-all prognosis for patients 
with lesions at each of the several sites, rather than providing direct evaluation 
of operative procedures employed. Again the transverse colon was associated 
with a favorable prognosis; a 46 per cent rate was present. 

During the period 1940 through 1950, 111 palliative excisions of the regular 
variety were performed. Table XI tabulates palliative excisions, other palliative 
procedures, and certain other cases; subsequent survival is noted. The 111 
palliative exeisions (56 colon and 55 rectum) are of the 1940 through 1950 
series. The remaining cases are of the 1940 through 1955 group. It may be 
noted that in the cases of carcinoma of the colon, while palliative excision was 
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associated with a postoperative survival of almost 11 months and colostomy 
with 3 months, of 10 cases with catheter enterostomy, cecostomy, or ileostomy, 
only 2 patients were able to leave the hospital alive and none survived 6 months. 

Operative or hospital mortality (death before leaving the hospital or within 
30 days of operation) was 4.88 per cent for the 574 regular excisions for large 
bowel lesions. A 5.4 per cent rate was present for colon eancer, and 4.4 per cent 
for rectal cancer. 

Thirty-two patients were. seen with lesions present in more than one 
anatomic site in the large bowel. Patients with 2 or more lesions in the same 
area of the bowel are not included. 

Of the 32 patients, 29 underwent excisions. Of these, 20 had an excision 
designed for cure (Table XII). When operative deaths are deducted, the 
d-year survival rate was 35 per cent in these cases (Table XIII). 

TABLE XII. LESIONS aT 2 OR MORE SITES IN 32 PATIENTS WITH 


ADENOCARCINOMA OF THE LARGE BOWEL 
(1940-1950 ) 











NUMBER OF 
CASES 





Multiple lesions, one operation 20 
Curative excisions 13 
pn 


-alliative excisions / 





Multiple lesions, 2 or more operations 
Curative excisions 
Palliative excisions 


Lesions excised — total cases 


Lesions not excised 
Inoperable 
Bypass procedure 

Total cases 32 











TABLE XIII. Curative ExcISIONS FOR LESIONS AT 2 OR More SITES IN 20 PATIENTS WITH 
ADENOCARCINOMA OF THE LARGE BOWEL 
(1940-1950 ) 








"NUMBER OF CASES 
| = j 9 | 3 | 4 | OPERATIVE 5-YR. SURVIVORS 


| | 
| TOTAL LESIONS | LESIONS | LESIONS | DEATHS NUMBER | PER CENT 











1 


One operation 13 9 3 
Two or more 
operations 7 7 0 


Total a 


0 








Study was made correlating patients’ ages at the time of curative excisions 
with the likelihood of 5-year postoperative survival (Table XIV). When the 
average for the entire colon is considered, the most favorable prognosis was 
related to the 45 to 54 year age group; 63 per cent survived 5 years. The trans- 
verse colon was the only area of the large bowel which was associated with 
5-year postoperative survival of any patient of 80 years or over at the time 
of operation; 2 of the 3 cases had a 5-year postoperative survival. 
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DISCUSSION 


The composition of the present series of cases would appear to approximate 
others of comparable size which have been seen at large teaching hospitals.’ 3% 2? 
The median age of the patients (63 years), however, is several years greater 
than that usually reported and 10 to 15 years more than eases reported earlier. 
The 98 per cent operative rate for the over-all 1940 through 1955 group**-!°— 
even a bit improved from the 1940 through 1950 97.5 per cent rate—is worthy 
of note. The resection rate showed substantial improvement, especially for 
the colon cases (87 per cent, 1940 through 1955). 

Classification of the anatomic locations of the 1,298 single lesions cor- 
responds to the classical piecture.2* The observation that one-third to one-half 
of large bowel lesions are located in sites which permit diagnosis by simple 
digital examination receives confirmation; 36.9 per cent of lesions were located 
in the true rectum and another 16.5 per cent in the rectosigmoid region.* 1° Of 
interest is the fact that 15 patients (3 per cent) with rectal lesions actually 
made their own diagnosis by self-palpation of the lesion." 

The relatively high figure (77 per cent) for the portion of excisions which 
were performed for cure should be noted when evaluating strictness of criteria 
for classification of cases as palliative. The herein observed resection rates plus 
the high rate of excisions performed for eure are worthy of note when assessing 
validity of cure rates and the concept of curative excisions. 

The 5-year survival rates computed for patients with lesions at each of the 
anatomie¢ sites of the large bowel (Tables VIII and IX) are based on sufficient 
eases to allow further classification by stage of disease. When survival rates for 
regular curative excisions are arranged in a decreasing order of frequeney by 
anatomic sites, the following situation is present: transverse colon (90 per 
cent), ascending colon (67 per cent), entire colon (66 per cent), sigmoid colon 
(65 per cent), cecum (62 per cent), total large bowel (56.4 per cent), and reetum 
(49 per cent). The most easily diagnosed lesions, rectal tumors, had the least 
favorable prognosis. Lesions present in an area often considered unfavorable 
for early diagnosis—the transverse colon—actually had an excellent prognosis. 

Of interest is the differing ratio between prognosis following excision of 
Dukes A and C lesions for the various sites in the bowel. What may be 
termed the ‘‘C/A’’ ratio, the ratio of 5-year survival rate for Dukes C lesions 
to that for Dukes A lesions, indicates the following: transverse (1.0), aseend- 
ing (0.625), entire colon (0.54), sigmoid (0.53), ceeum (0.49), total large 
bowel (0.44), and reetum (0.34).5 This ratio would appear to be somewhat 
indicative of the gravity associated with spread of malignaney in each of these 
locations; the smaller the ratio, the graver the consequences. Patients with 
lesions of the transverse colon again had the most favorable outlook, and those 
with rectal lesions, one of the least favorable.*° 

Of interest are the results of enlarged excisions performed for eure 
(Table VIII). These compare rather well with results following regular ex- 
cisions of Dukes © lesions. That is, tailoring the size of the operation to the 
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size of the grossly evident disease spread appears to have been associated with 
substantial sueeess, when these results are compared with accomplishments of 
regular curative excisions for Dukes C lesions. These observations, based on 
follow-up study of a substantial number of cases, add evidence that present-day 
surgeons need not be bound by vesterday’s dogmas. The employment of large 
operations for large eanecers and smaller operations for small cancers would, 
under certain circumstances, appear altogether fitting and proper.» * °° Fur- 
ther indication of the validity of the principle may be noted in the more detailed 
report of rectal eancer in the 1940 through 1950 group. Small procedures 
(those other than abdominoperineal) when employed in the treatment of 
patients with Dukes A rectal tumors were as successful as were large operations 
(abdominoperineal), but Dukes C lesions appeared to necessitate the larger 
operation (abdominoperineal) for any considerable success.* ** 

Survival statistics following palliative procedures and for other cases not 
operated upon for cure emphasize that in the instanees in which palliative ex- 
cision could be done, substantial 1- or 2-year survivals were achieved.  Col- 
ostomy was associated with about one-half that rate. Interestingly enough, 
patients who refused treatment appear to have survived almost as long as 
patients who underwent palliative excision. Catheter enterostomy, cecostomy, 
or ileostomy, however, were associated with palliation of—at most—a _ few 
weeks’ duration.® 

Correlation, in a statistically significant number of cases, of age at time 
of curative excision with 5-year postoperative survival rate offered evidence 
bearing on several currently debated questions. For example, this study lends 
no support to the contention that bowel malignancies in younger patients (less 
than 44 vears of age) are associated with an overwhelmingly poor prognosis; 
the figures presented here indicate that prognosis is relatively good. Another 
oft-repeated aphorism—that advaneed age at operation has little bearing on 
prognosis—appears not to apply to patients 80 years or older, except those 
few with lesions of the transverse colon; no patient with an adenocarcinoma 
of the large bowel (other than transverse colon) achieved 5-year post-operative 


survival.® 27 
SUMMARY AND CONCLUSIONS 


1. Study of 1,340 eases with adenocarcinoma of the large bowel was made. 
Follow-up of eases was 100 per cent. The general composition of the group 
indicated that patients were somewhat older than in the usually reported series. 
Operative, resection, and survival rates, however, compare favorably. 

2. Two-thirds of the patients with carcinoma of the colon died of their 
disease without 5-year survival (32 per cent survival) (Table X). When patients 
underwent excisions for cure, however, about two-thirds of those with colon 
eaneers and one-half of those with rectal cancers survived 5 years. 

3. When patients with Dukes A lesions are considered, 83 per cent of those 
with colon lesions survived 5 years—inecluding 100 per cent with lesions of the 
splenic flexure, hepatic flexure, and transverse colon. 
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4. The most favorable prognosis following excision fr cure was associated 
with transverse colon lesions (90 per cent 5-year postoperative survival); the 
least favorable, with rectal lesions (49 per cent). 

5. The popular reluctance against employment of larger operations for 
large caneers receives little support; enlarged excisions allowed substantial 
survival of patients who may otherwise have been inoperable for cure. 

6. Curative excisions in the younger age group (44 years or younger) were 
followed by acceptable survival rates. This was not noted in patients 80 years 
or older, except transverse colon eases. 

7. Palliative excisions were associated with measurable palliation, as were 
colostomies performed without resection; cecostomy, catheter enterostomy, and 


ileostomy, however, were not. 


The advice, assistance, and encouragement of Dr. Owen H. Wangensteen, Professor and 
Chief, Department of Surgery, University of Minnesota, is gratefully acknowledged. 
gery, 5 » 18 8 y 
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POSTOPERATIVE (ADYNAMIC) ILEUS 
Its PREVENTION By AMBENONIUM CHLORIDE 


CeLtso BitBao, M.D., MANuEL Cano, M.D., Francisco MONTEAVARO 
LomBarbD, M.D., GILBERTO Parpo, AND Dieco Gassé, M.D., HABANA, CUBA 


OSTOPERATIVE (adynamic) ileus is a common sequela of major surgical 

operations, especially intra-abdominal procedures.° During the first days 
of the postoperative period there is a temporary paralysis of the intestinal tract. 
This change in the bowel activity ean he detected easily with a stethoscope 
placed upon the abdomen.* 

The course of the postoperative ileus varies. Some patients expel flatus 
and recover in a few days. In others there is accumulation of gas and fluid, and 
abdominal distention appears. Therefore, either the intestinal paralysis is 
not accompanied by distention but is diagnosed by auscultation (simple ileus), 
or the ileus is accompanied by abdominal distention. It is well recognized that 
simple ileus occurs in practically all cases of intra-abdominal surgery. 

This classification of simple ileus and abdominal distention is important 
from the viewpoint of its treatment. While simple ileus does not require a 
strict treatment, prophylactic measures to prevent distention can be beneficial. 
In ileus accompanied by distention, active therapeutic measures are mandatory. 

Unfortunately there are some authorities who believe ileus to be a matter of 
little or no importance. It is true that not all posteperative cases progress to 
severe abdominal distention, but it is impossible to foresee which patient will 
develop distention and which will not. Moreover, it is accepted that a prophy- 
lactic treatment is always more effective and requires less medical attention 
than a therapeutic one, and the prophylactic method could prevent progression 
to abdominal distention, and ean decrease the discomfort of the patient with 
simple ileus. 

While intubation has been accepted as an effective treatment for the 
patient with distention,’ only a few authors consider this procedure as a prac- 
tical prophylactic measure. Beeause 70 per cent of the gas in distention has 
been swallowed, theoretically speaking, a gastric tube with constant suction 
appears to be an effective measure.* In actual practice this is not so, and besides 
it produces a host of undesirable side effects (irritation of the throat, of the 
nares and so forth). Intestinal intubation should be a better procedure, but 
also, for obvious reasons, is not a practical method. Among other disadvantages, 
intestinal intubation carries a high incidence (14.3 per cent) of respiratory tract 
complications.® 

A simple method of prevention (and treatment) of postoperative ileus is 
by means of drugs which stimulate peristalsis. Opinions about the efficacy of 
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these agents vary considerably, and even those authorities who considered them 
favorably thought that such drugs were too toxie to be used in therapeutically 
adequate dosage. 

A new drug, ambenonium chloride, has been found -ffeetive both prophy- 
laetically and therapeutically.** 

This report deals with the results obtained with ambenonium chloride used 
prophylactically in 400 eases over a period of 3 years. 

MATERIALS AND METHOD 

Two groups of patients submitted to intra-abdominal surgery were used 
in this study. One received treatment with ambenonium chloride. The other 
received no ambenonium chloride. Cases of the first or second group that 
progressed to distention were considered failures and were treated accordingly. 
Due to difference of size of the groups, results were analyzed by statistical 
methods. 

All eases of the trial group receive 1 ¢.¢. of a 1:16,000 solution of ambenon- 
ium chloride,* at 4-hour intervals, day and night. Treatment was started as 
soon as the patient was returned from the operation room and was continued 
until the attending surgeon believed that normal peristalsis was reinstated. 


RESULTS 


A résumé of the 400 eases treated prophylactically with ambenonium 


chloride appears in Table I. 


TABLE [ 
ag | NUMBER OF | NUMBER OF | DAYS OF 
CASES DOSES* | TREATMENT* 
Gastrointestinal operations 199 6-111 2-19 
Hepatic operations 35 3-5 2-8 
Other operations 166 3-44 2-12 


*Maximum and minimum. 


The gastrointestinal operations include mainly gastrectomies, acute ap- 
pendectomies, intestinal anastomosis, suture, and epiploplasty (in peptic ulcer). 

The hepatie group consisted mainly of cholecystectomies. 

The ‘‘other operations’’ group ineludes principally herniorrhaphies and 
simple laparotomies. 

The four largest groups of operations were: herniorrhaphies, gastrectomies, 
appendectomies, and cholecystectomies, in decreasing incidence. These four 
operations account for 76 per cent of the total. 

All postoperative patients receiving ambenonium chloride except two did 
not become distended. This represents 0.5 per cent failure as compared with 7.14 
failure in the control group. Since the two groups were unequal in number, 
statistical metheds were used to demonstrate the ‘‘eredibility.’’ The X* was 
equal to 17. 

Very few slight reactions were encountered in the 400 treated eases, after 
more than 7,800 injections; approximately 0.14 per cent had reactions. These 


*Prepared by Winthrop Laboratories, 
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reactions were principally a sensation of warmth, thick tongue, and so forth. 
Treatment was discontinued in one patient; an asthma attack appeared after 
the injection of ambenonium chloride. 

Our personnel, well trained in using other peristalsis-stimulating drugs, 
found that the number and degree of reactions produced by ambenonium chloride 
were less than the ones produced by neostigmine. 


COMMENT 


In the analysis of cases of ileus, the natural difficulties of a study of this 
kind must be kept in mind. Certain publications did not distinguish between 
simple ileus (as defined here) a common, benign sequela of surgery, and ileus 
with distention, a less common but severe clinical form of ileus. Other authors 
have selected initial flatus as the end point. As this is a subjective sign, the 
results depend somewhat on the cooperation of the patient, as well as our ability 
tc supply clear-cut instructions. 

We have adopted distention as our end point. This is a subjective symptom 
that not only could be appreciated by attending personnel (nurses, internists, 
associates) but can be measured roughly. Besides, when distention is severe, 
respiratory embarrassment produces dyspnea or, better, polydyspnea. This 
polydyspnea can be appreciated quantitatively. 

Since practically 99 per cent of intra-abdominal operations produce simple 
ileus, which itself is not dangerous, our idea was to prevent progression from 
simple ileus normally appearing in intra-abdominal eases to ileus accompanied 
by distention. 

In the past we have had ample experience with other peristalsis-stimulating 
agents, mainly with neostigmine. While this product was fairly satisfactory, 
it produced a high percentage of failures and a higher percentage of reactions. 
This is clearly explained when it is known that the ‘‘adequate’’ dose of neostig- 
mine is near the toxie one.* We have had several cases in which neostigmine 
failed but the patient recovered (that is, the distention disappeared) under 
treatment wth ambenonium chloride. 

It is ov ©elinieal impression based on these 400 patients who received more 
than 7,800 injections that prophylactic treatment with ambenonium chloride 
seems to be more effective than the same treatment with necstigmine. This belief 
is based on two facts: (a) In the average case, ambenonium chloride is more 
powerful than neostigmine. This is deducted from a series of more than 20 
cases in which neostigmine was ineffective and ambenonium was effective. (b) 
Ambenonium chloride produces a lower incidence of secondary reactions. This 
last statement has been substantiated by other investigators working in different 
clinical projects using ambenonium chloride for other conditions. 


SUMMARY 


Four hundred surgical cases were treated prophylactically with amben- 
onium chloride to prevent the production of abdominal distention. The dosage 
used in the majority of the cases was 1 ¢.e. of 1:16,000 solution of ambenonium 
chloride every 4 hours. 
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In 398 of 400 cases, abdominal distention was prevented. 
Results in this group were compared statistically with a control group. 
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ACUTE EPIPLOIC APPENDAGITIS 
THomaAS C. Casr, M.D., NEw York, N. Y. 


(From the Department of Surgery, St. Vincent’s Hospital) 


PIPLOIC appendagitis should no longer be considered a surgical or patho- 

logic rarity. With the more improved methods of diagnosis and better 
training of surgeons in the detection of pathologie entities, it has been demon- 
strated that involvement of the epiploic appendages with pathology occurs more 
frequently than was commonly suspected. The condition is rarely given pre- 
operative consideration. It ean mimie many of the acute intra-abdominal in- 
flammatory syndromes and, in addition, can produce mechanical intestinal 
obstruction. It may also present as an inearcerated hernia, simulate an intra- 
abdominal neoplasm, and occur as intraperitoneal loose bodies. 

Although the condition cannot be classified with acute appendicitis as a 
highly treacherous disease, it has been directly responsible for fatalities and has 
caused severe surgical complications. 

HISTORY 

The condition was first described by Vesalius,’! in 1543. In 1703 Littre® 
found a free hard oval body, measuring 2.5 em. in length, in the abdominal 
cavity during the dissection of a cadaver. Similar bodies were reported by 
Schede’? and Cruveilhier.2. The epiploie appendages assumed surgical signifi- 
cance when Virchow,'* in 1853 suggested their detachment as a source of intra- 
peritoneal loose bodies. By 1900, sporadic case reports had appeared describ- 
ing torsion of the appendages with or without associated symptoms. Cruveil- 
hier? first described a case of intestinal obstruction in which an epiploie ap- 
pendage had acted as a band; Reidel,® in 1905, described torsion of an epiploie 
appendage in a femoral sae. 

A review in 1936 by Fiske* disclosed 21 cases of diseased epiploic append- 
ages requiring operation. Infarction and inflammation of the appendages with- 
out torsion were present in several of these cases. In 1942, Giffin and associates® 
added 10 cases of symptomatic disease of the appendages to the 49 previously re- 
ported eases. It was their impression that obesity was a factor in the genesis of 
the condition. Fieber and Forman,* in 1953, reported records of 105 cases of 
pathologie epiploic appendages in the literature and added 3 more eases of their 
own. 

Seareh of the available literature by Lynn and colleagues’ disclosed a total 
of 156 reported cases of diseased epiploie appendages requiring surgical] inter- 
vention. Inflammation of the appendage was present in 109 cases, whereas in- 
testinal obstruction was present in 13 eases. The appendages presented as 
hernias in the remaining 34 cases. 
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PATHOLOGY 

The epiploic appendages are fat-filled, serosa-covered appendages occurring 
on the large intestine, including the appendix but excluding the rectum. The 
enveloped fat is a continuation of the subserosal fat of the intestinal wall. Their 
appearance has been noted as early as the fifth month of fetal life, although 
appreciable size is not attained until adulthood. Approximately 100 in num- 
ber, they are related intimately to the longitudinal bands of the colon, usually 
appearing in 2 rows. Their average length is 3 em. but they have been reported 
to be as long as 15 em. Blood is supplied by small branches of the cireular 
artery that vascularizes the adjacent segment of colon. Subserosal lymphatie 
channels may terminate in a lymph node within an appendage or loop through 
its base en route to mesenteric nodes. Diverticula have been encountered within 
the substance or epiploic appendages, and this relationship has been considered 
to be due to the proximity of the appendages to the sites where the large vessels 
enter the intestinal wall. 

Functionally, the epiploic appendages have been described as representing 
a protective and defensive mechanism similar to the great omentum. However, 
the small surface area and limited vascularity reduce this capacity to a mini- 
mum. It also has been postulated that they might act as a protective cushion 
during peristalsis or, as Pines and associates* suggested, a depot for the redun- 
dant adjacent cireular vessel when the colon is collapsed. 

From a pathologic standpoint, the findings are similar regardless of the 
location of the involved appendage. In the acute phase, the appendages have 
been reported as showing varying degrees of hemorrhagic infarction, gangrene, 
and suppuration. Fibrosis, hyalinization, eystiec changes, and caleareous degen- 
eration have supervened when the process is chronic. 

The pathologie conditions, as encountered in 102 eases by Fieber,*’ may be 
divided into six categories: (1) torsion, 31.4 per cent; (2) thrombosis and in- 
faretion, 15.6 per cent; (3) gangrene, 19.7 per cent; (4) aeute inflammation and 
suppuration, 18.6 per cent; (5) chronie inflammation (replacement by fibrous 
connective tissue, hyalinization, and calcareous degeneration), 13.7 per cent; and 
(6) intussusception, 1.0 per cent. 

Although the actual twist is only occasionally demonstrated at surgery, it 
is generally accepted that torsion of the pedicle is an important factor in eom- 
promising or strangulating the blood supply.* The cause of torsion is unknown, 
but numerous possibilities can be postulated to initiate the chain of events, such 
as: (1) sudden rotation of the body or violent exertion; (2) congenital mal- 
formation of an appendix epiploica so that the base is narrower and freer to 
rotate; (3) anatomic arrangement of vessels such that the veins are longer, more 
tortuous, and hence more likely to twist around an artery and produce venous 
occlusion (this process may be augmented by the physiologic splanchnic dilata- 
tion with its characteristic mesenteric venous engorgement during the process of 
digestion; during this phase the distal dependent portion of the appendix epiploiea 
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is heavier and contains more fat and venous blood than does the proximal por- 
tion); or (4+) the appendix epiploica, heavy with fat, as it swings freely from the 
taenia making a likely candidate for torsion (it has been noted that torsion is 
more likely to occur in well-nourished persons). 

Torsion of an intrahernial appendix epiploica can be explained by the fact 
that the appendage twists on entrance into the hernial ring during a period 
of coughing or straining. The tip of the appendix epiploica follows along the 
wall of the sac, and its base or pedicle remains more or less fixed. 

There are all degrees of torsion. A sudden torsion is followed by sub- 
peritoneal hemorrhage, with its attendant symptoms, slight or severe, whereas 
an insidious twisting may be productive of chronic inflammatory changes, with 
its own train of symptoms resulting in ischemic fat necrosis and ealcification. 
The necrotic mass may be free in the abdomen or attached to the bowel wall, 
causing paroxysmal pain. Aseptic gangrene or primary thrombosis of an epi- 
ploie vessel is the outcome of appendiceal torsion in the absence of secondary 
infection. After organization of the devaseularized tissue takes place, it may 
separate at the line of demareation and pass off into the general peritoneal 
cavity as a loose body. 

An explanation of primary inflammatory disease of the appendix epiploica 
with or without frank suppuration and in absence of torsion is offered. Lymph 
node structures within the appendix epiploica may account for it. The fre- 
queney of diverticula in relation to appendicitis epiploica has been noted. The 
relationship between diverticula and appendicitis epiploica seems to be due to 
the fact that these fatty masses are situated either directly on or close to points 
where the lsrger vessels enter the intestinal wall. Conceivably, bacteria may 
infiltrate through the wall of a diverticulum into an appendix epiploica. Not 
infrequently, in cases of acute diverticulitis, involvement of one or more appen- 
dix epiploica is noted, but this condition and its implieations belong to the 
patholozy of diverticulitis. This also applies to those appendices that have be- 
come secondarily infected from a vermiform appendix. <A ease of appendicitis 
epiploica occurring in conjunction with regional ileitis has been reported. 

Abseess formation and even general peritonitis may result either from in- 
flammation or from torsion. More frequently, intestinal obstruction oceurs in 
connection with inflammatory adhesive bands either between appendages or 
from one or other organ or from the parietes. A common cause of the obstrue- 
tion is the adhesion of a pair of appendices across the antimesenteric surfaee of 
the bowel, enusing narrowing of the lumen. In addition, ineareeration of the 
cecal or sigmoidal appendix in a hernia] sae may so angulate the bowel at the 
mouth of the sae as to give rise to actual obstruction. 


SIGNS AND SYMPTOMS 
The signs and symptoms of epiploie appendagitis are most often misleading. 


They will vary in individual cases and will of course depend on the anatomic 
location of the lesion. In the reported eases the acute symptoms lasted less than 
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one week (Fieber*) in 70 per cent of the cases, in 11 per cent they lasted from 
1 to 4 weeks, and in the remaining 19 per cent symptoms lasted more than one 
month. In our group of cases the symptoms lasted less than a week. 

Abdominal pain is the chief presenting symptom in all cases. It may be 
sudden in onset and described as dull, sharp, or even colicky. The site of the 
pain varies with the location of the pathology and about one-half of the cases 
refer to the right lower quadrant with pain relative to the position of the sig- 
moid and cecum. The pain may be centrally located or spread centrally and 
not infrequently to the left side. The next most common site for pain is the 
left lower quadrant. 

Nausea and vomiting occur in about one-quarter of the cases. The appetite 
and bowels are usually unaffected. Temperature and pulse elevations and leu- 
koeytosis oceur with the progression of pathology in the appendage. 

Abdominal examination reveals the presence of signs of peritoneal irrita- 
tion at the site of pathology. There is rarely generalized rigidity but definite 
guarding and spasm are present in the majority of cases. Pin-point tenderness 
is often elicited over the region of the involved appendage. A palpable mass is 
encountered in a small pereentage of cases. 


DIFFERENTIAL DIAGNOSIS 


Acute abdominal pain, with or without an associated palpable mass, is the 
most significant symptom produced by an acute epiploic appendagitis. Acute 
appendicitis is the usual preoperative diagnosis if the symptoms and signs are 
localized in the right lower quadrant. Sigmoid diverticulitis is considered if 
the signs are in the left lower quadrant. Three-quarters of the cases reported 
occurred in either the cecum or sigmoid and the remainder were distributed 
throughout the remaining colon excluding the rectum. 

A definite preoperative distinction between acute epiploic appendagitis and 
acute vermiform appendicitis can only be speculative. However, several differ- 
ences are worthy of consideration. Epiploic appendagitis is usually a disease 
of middle age and the patients are obese. The pain, at the onset, almost always 
is localized at the site of pathology whereas with appendicitis it is most often 
diffuse and generalized throughout the abdomen. When a sigmoidal appendage 
is involved, shifting of the pain and tenderness across the lower abdomen may 
oeeur as the patient changes position. Anorexia, nausea, vomiting, and con- 
stipation are more likely to occur with appendicitis, and such patients appear 
more toxic and show more pronounced febrile and leukocytie response. 

Another condition worthy of consideration in patients with acute symptoms 
and signs in the right lower quadrant is the presence of cecal diverticulitis since 
this condition occurs in approximately 2 per cent of all cases of acute diver- 
ticulitis of the entire colon. Again, the preoperative distinction can only be 
tentative. 

CASE REPORT 
Four eases with symptoms and signs necessitating surgical intervention are 


herewith presented. 
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Case 1.—P. B. (077168), a 22-year-old white man, was admitted for the first time to 
St. Vincent’s Hospital in New York City, March 16, 1959, complaining of sharp right lower 
quadrant pain of 3 days’ duration. The pain remained localized to the right lower quadrant 
but had become more pronounced on the day of admission. There was no nausea or vomiting 
and the patient had not had any similar experience in the past. There were no urinary 
complaints. 

Physical examination revealed an obese young white man weighing 238 pounds with 
a temperature of 99° F., pulse rate of 80, and a white blood count of 12,800 with 80 per 
cent neutrophils. Urinalysis was negative. He appeared acutely ill. 

Abdominal examination revealed the presence of pin-point tenderness over the region 
of the appendix with definite guarding. The patient was advised to have an emergency 
exploratory laparotomy for an inflammatory condition in the right lower quadrant. The 
preoperative diagnosis was not definite. At operation an infarcted epiploic appendage 
was found on the anterior cecal wall close to the base of the vermiform appendix. Both 
the involved appendage and appendix were removed and the patient made an uneventful 
recovery. 

Pathologic report: Acute panniculitis with necrosis of an appendage epiploica, and 
periappendicitis of vermiform appendix. 

Comment: This was a young obese man who gave a suspicious history of an inflam- 
matory condition in the right lower quadrant other than that of an acute appendicitis. The 
absence of nausea or vomiting was significant and prompted us to venture the diagnosis of 
acute cecal diverticulitis and should have also suggested the possibility of acute epiploie appen- 
dagitis. Immediate surgery was definitely indicated and was performed in order to avoid 
possible complications of such conditions with conservative therapy. 


CASE 2.—E. L. (E 3982), a 46-year-old white obese woman, was admitted to the 
hospital on April 20, 1954, with the history of indefinite abdominal discomfort for the 
previous 3 months. In the 48 hours prior to admission she had experienced acute left 
lower quadrant pain with no nausea or vomiting. 

Physical examination revealed an obese young white woman with a temperature of 
100° F., pulse rate of 85, and a white blood count of 14,000 with 75 per cent neutrophils. 
Urinalysis was negative. She appeared acutely ill. 

On abdominal examination a mass measuring about 8 cm. in diameter could be pal- 
pated in the left lower quadrant. It was tender and appeared to be fixed. Sigmoidoscopy 
was negative. 

Exploratory laparotomy was performed the day after admission with the preopera- 
tive diagnosis of intra-abdominal abscess secondary to diverticulitis of the sigmoid colon. 
At operation a 4 by 2.5 em. twisted and inflamed epiploic appendange was found in the 
mid-sigmoid colon with a mass of omentum adherent about it. The appendage had a 
vascular stalk that measured 3 cm. in length. There was no evidence of a diverticulum. 
The involved appendage was excised without difficulty after separating the omental cover- 
ing about it. The patient made an uneventful recovery. 

Pathologic report: Chronic inflammation and localized hemorrhagic necrosis of an 
epiploic appendage. 

Comment: This patient presented a problem for differential diagnosis. The history 
and the presence of a mass in the left lower quadrant would naturally lead us to believe 
that the condition was probably one of sigmoid diverticulitis with abscess formation or 
possibly a neoplasm with secondary inflammation. 

The presence of the mass of omentum about the appendage is consistent with the 
long history of abdominal discomfort. She undoubtedly had had similar previous acute 
episodes with the omentum attempting to seal off the process over an extended period of 
time. The last acute episode was of 48 hours’ duration, 
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Case 3.—P. C. (C77156), a 59-year-old white man, was admitted to St. Vincent’s Hospi- 

tal, New York City, with history of painful left inguinal hernia. He stated that he had had 

the hernia for 10 years but that 36 hours before admission it became quite tender and some- 
what swollen. He was not nauseated and did not vomit. 

Physical examination revealed an adult white obese man with a temperature 

100° F., pulse rate of 74, and a white blood count of 11,000 with 76 per cent neutrophils. 

the right 


of 


Abdominal examination was essentially negative, except for a mass in 
inguinal region which was quite tender and not reducible. A diagnosis of incarcerated 
A gangrenous epiploic 
There 


hernia 


inguinal hernia was made and an emergency operation performed. 
appendage from the sigmoid wall was found adherent to the apex of the hernial sac. 
was a moderate amount of fluid in the sac. The appendage was excised and the 
repaired. The patient made an uneventful recovery. 

Comment: This patient presents another complication of acute epiploic appendagitis 
in an individual with a hernia. Although the preoperative diagnosis was incorrect, the de- 
cision to operate immediately was indicated and justified by what was found at operation. 





CASE 4.—E. D. (C80134), a 38-year-old white woman, was admitted to St. Vincent’s 
Hospital, New York City, on March 30, 1952, with a history of intermittent lower ab- 
dominal pain for several years. Prior to this admission the pain, which was dull in 
character and more localized to the left lower quadrant, had become more severe and 
persistent. She was not nauseated nor did she vomit. There were no urinary symptoms. 

Physical examination revealed an obese young woman with a normal temperature, 
pulse rate of 74, and a normal white blood count. 

Abdominal examination revealed the presence of a mass in the lower mid-abdomen 
with some definite tenderness and guarding in the left lower quadrant. 

Vaginal examination revealed the presence of a large fibroid uterus. 

Preoperatively it was believed that the tenderness of the left lower quadrant might 
possibly be due to a twisted pedunculated fibroid; however, at operation a hard, indurated, 
acutely inflamed mass was found on the antimesenteric border of the mid-portion of the 
sigmoid, and it was adherent to the left portion of the uterine body. On further exam- 
ination of the mass it was found to be a strangulated epiploic appendage. It was removed 
without difticulty and then a hysterectomy was performed. She made an uneventful re- 
covery. 

Comment: In this patient the presence of numerous fibroids made us suspect a twisted 
pedunculated fibroid as the cause of the acute abdominal distress. Again, this is another 
example of how an appendagitis can mimie other more common and usually suspected con 


ditions in the abdomen. 
SUMMARY AND CONCLUSION 


1. Four eases of acute epiploic appendagitis are reported. 
2. The condition should be entertained in the differential diagnosis of cases 
with right or left lower quadrant pain if nausea and vomiting are not present. 
3. The treatment is surgical, even if the diagnosis is made preoperatively, 
in order to avoid the possible complications of an acute progressive disease 
process. 
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INTESTINAL LIPOMATOSIS 


C. S. Line, M.D., C. Leaaus, M.D., anp L. H. Stanueren, M.D., 
PHILADELPHIA, Pa. 
(From the Philadelphia General Hospital) 


ULTIPLE intestinal lipomas are rare. Nevertheless, they represent a 

problem in diagnosis and surgical management. 

Since the first reported intestinal lipoma in 1747,° numerous ease reports 
of solitary lipomas and occasional reports of multiple lipomas have appeared. 
Stetten®® recorded 2 patients with solitary lipomas of the intestinal tract in 
1909. Kirshbaum?'* deseribed 9 patients in whom a solitary lipoma was found 
in the small bowel. Mayo and Greiss'® reported 19 patients with solitary colonic 
lipomas. Henderson, Harris, and Parker’? cited 5 others. Warren and Branden- 
burg*® reviewed 11 patients with intestinal lipomas. One of these had several 
lipomas in the jejunum. The remainder had a solitary lipoma. Comfort* re- 
viewed 181 patients with submucous intestinal lipomas and found 2 patients 
with multiple lipomas. In one patient, numerous lipomas involved the deseend- 
ing and sigmoid colon and, in another, 90 submucous lipomas were found at 
autopsy to be distributed throughout the small bowel. Smith and Mayo,*”* in a 
review of 67 patients with lipomas of the small bowel, reported one patient in 
whom multiple lipomas involving the small bowel were found at autopsy. 
Schottenfeld? mentioned Francini’s case of multiple submucous lipomas of the 
ileum discovered incidentally during a laparotomy for gastric carcinoma. 
Findley and Thompson‘ reported a patient with 12 lipomas in a 21 em. segment 
of ileum. 

Intestinal lipomatosis has not previously been reported as an operative 
finding. 

CASE REPORT 

H. D., a 60-year-old Negro woman, was admitted to the Philadelphia General Hospital 
on March 23, 1959. Her first admission occurred in 1952 at which time she complained of 
intermittent abdominal pain and vomiting. Barium x-rays of the gastrointestinal tract were 
not performed. Because of a large pelvic mass, a laparotomy and total hysterectomy were 
performed. A large benign right ovarian cyst and multiple uterine fibroids were found. 
No mention was made of intestinal tumor. She was next admitted to the surgical service 
of this hospital in April, 1953, because of copious bright red rectal bleeding. A barium 
enema at that time revealed a polypoid lesion of the terminal ileum with ileocecal intus- 
susception. The patient refused laparotomy and was discharged to the outpatient depart- 
ment. She did not return until March, 1959. At that time, she complained of intermittent 
lower abdominal pains of approximately 8 months’ duration. The pains were cramping in 
nature and radiated from the periumbilical area to the right lower and right upper abdominal 
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quadrants. They were relieved by the passage of flatus or feces, but generally subsided 
spontaneously. She had also noted in recent weeks the onset of nausea and vomiting. She 
had noted increasing constipation during the preceding year. 

No other members of her family had similar complaints. 

Physical examination revealed a moderately obese Negro woman. No melanotic spots 
were noted on the skin or mucous membranes. The blood pressure was 168/80 mm. Hg. The 
abdomen was not distended. A firm, movable, slightly tender fusiform mass was palpable in 
the right lower quadrant in the area of the cecum. Peristalsis was normal. 

Proctoscopic examination revealed a smooth polypoid lesion in the sigmoid colon ap- 
proximately 28 em. above the anus about 3 em, above the end of the proctoscope. A 
barium enema examination revealed an ileocecal intussusception, which was partially reduced 
by the influx of barium. It was further noted that the intussusception recurred with evacua- 
tion of the barium. Numerous other polpoid lesions were identified throughout the colon 
(Fig. 1). In addition, this study revealed that the mucosa of the terminal ileum was 
irregular in outline suggesting a neoplastic disease. Other filling defects were noted through- 
out the entire large bowel. 

A small intestinal barium x-ray revealed numerous polypoid masses throughout the 
small intestine from the second part of the duodenum to the terminal ileum. The terminal 
2 feet of ileum appeared to be almost entirely filled with polypoid lesions (Fig. 2). 

The hemoglobin was 12.1 Gm. The white blood count was 8,200. Serum cholesterol 
was 242 mg. per cent with 71 per cent esters. 


Operation.—On April 1, 1959, the patient was explored with the preoperative diagnosis 
of multiple polyposis. Examination of the small intestine revealed numerous intraluminal, 
polypoid, soft, movable tumors. These varied in size from a few millimeters to 5 em. in 
diameter. They were most numerous in the terminal ileum where they occurred every 3 to 4 
inches as compared to the proximal jejunum where they occurred at 8- to 10-inch intervals. 
The mesentery of the small bowel contained no primary or metastatic masses. The distal 
3 feet of ileum was found intussuscepted into the right colon as far as the proximal trans- 
verse colon. Palpation of the transverse, descending, and sigmoid colons revealed numerous 
similar masses. Palpation of the duodenum revealed a small soft polyp in the first portion 
of the duodenum just below the pylorus, and a slightly larger polyp measuring 1 cm. by 
1 em. at the junction of the second and third portions of the duodenum. 

Two areas of ileoileal intussusception were noted and both were reduced easily. In 
each, a large polypoid intraluminal mass was palpated at the intussuscepting point. When 
the more proximal ileal intussusception was reduced, the intussusception was seen to recur. 
A resection of the ileocecal intussusception and the distal ileum which contained the most 
concentrated area of polyps was performed. 

Enterotomies were then performed at the site of the two ileal intussusceptions. Lipomas 
measuring approximately 2 by 3 em. were shelled out from the submucosa. 

Postoperatively, the patient did well and was discharged on April 10, 1959. Efforts 
to obtain barium gastrointestinal x-rays of the two remaining close relatives have been 
unsuccessful. 


Pathology Report.—The specimen consisted of 195 em. of the terminal ileum and 
ascending colon containing 107 submucosal sessile and polypoid lipomas of sizes varying 
from 5 mm. to 5 em. in diameter (Figs. 3 and 4). They were scattered throughout the gut, 
some singly and others in clumps. Microscopie examination revealed lobulated collections 
of mature fatty tissue, mostly submucosal in location. 


Comment.—This patient had experienced intermittent intestinal obstruction due to 
intussusception for several years before the present admission. She also experienced sig- 
nificant lower gastrointestinal bleeding probably due to mucosal ulceration of a lipoma. 

It is possible to enucleate many of the larger lipomas through incisions in the bowel 
such as was done in this patient. It is anticipated that episodes of intussusception or 
bleeding may recur which may require further operative treatment. 
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Fig. 1. 





Fig. 2. 


Fig. 1.—Postevacuation film from barium enema revealing multiple polypoid lesions in 
cecum and in colon. 

Fig. 2.—Small bowel series demonstrating multiple filling defects from duodenum to as- 
cending colon, ileoileal, and ileocecal intussusception. 
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Fig. 3. 





Fig. 4. 





Fig. 3.—Segment of resected intestine revealing multiple lipomas. 
Fig. 4.—Close-up of resected segment of intestine which contained the heaviest concen- 
tration of lipomas. 
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DISCUSSION 

There may be no signs or symptoms of lipomas of the intestines. Many of 
the reports in the literature represent incidental findings at autopsy. Sympto- 
matic lipomas usually arise in the submucosa and project into the lumen. 
Symptoms are usually due to intussusception caused by lipoma. Bleeding due 
to ulceration or trauma to the mucosa overlying a lipoma is less common. 
Lipomas of the colon which produce symptoms occur twice as frequently as 
lipomas of the small intestine. 

On barium x-ray examination, submucosal lipomas produce a filling defect. 
A ‘‘soap bubble’’ appearance may be seen when multiple polypoid lesions are 
present. Lipomas may be more radiolucent than the surrounding tissues and, 
due to their compressibility, change in shape during the examination when ex- 
ternal pressure is applied. 

There were several diagnostic possibilities considered preoperatively in this 
patient. The x-ray pattern was compatible with either familial or multiple 
polyposis. However, it is unusual for a patient with either diagnosis to sur- 
vive to the age of 60 years. Most succumb to carcinoma of the colon before 50 
years. The Peutz-Jegher’s syndrome consisting of intestinal polyposis and 
mucocutaneous melanin pigmentation could be excluded because of the absence 
of the pigment spots. In retrospect, therefore, we believe that the diagnosis of 
intestinal lipomatosis can be correctly made preoperatively. 

The operative procedure in such patients is largely designed to relieve 
obstruction or bleeding and only secondarily to rule out the possibility of malig- 
naney. Care must be taken to conserve as much of the intestine as is possible. 
If the diagnosis of lipomatosis is confirmed at laparotomy, the larger lipomas 
may be ‘‘shelled-out’’ through multiple serial enterotomies. A limited resection 
of the segment of intestine which contains the greatest concentration of lipomas 
may be indicated. 

Prognosis is good, although recurrent intussusception or gastrointestinal 
bleeding may occur. This entity is probably not familial. 


CONCLUSION 

1. A patient with diffuse symptomatic submucous lipomas of the intestine 
is reported. 

2. The clinical picture of diffuse intestinal lipomas may be identified pre- 
operatively. 

3. Operative treatment should be conservative and should consist of enter- 
otomy and shelling out of the lipoma or limited resection of the intestine in 
which the greatest concentration of lipomas exists. 

4. The prognosis is good, but symptoms of intestinal obstruction or bleeding 
may recur. 

5. A familial incidence has not been established. 
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EXPERIMENTAL STUDIES OF HEPARIN-PROTAMINE ACTIVITY 
WITH SPECIAL REFERENCE TO PROTAMINE 
INHIBITION OF CLOTTING 
Murray N. ANDERSEN, M.D.,* MARIANNE MENDELOW, AND Guy A. ALFANO, M.D., 
BuFrra.o, N. Y. 


(From the Surgical Research Laboratories of the University of Buffalo School of Medicine 
and the Edward J. Meyer Memorial Hospital) 


Fanny the neutralization of heparin by protamine, it is commonly observed 
that the coagulation time of the blood fails te return entirely to normal 
levels. This phenomenon is frequently assumed to be due to insufficient prota- 
mine even though the eustomary protamine dosage of one to two times the 
amount of heparin originally given should be not only adequate, but excessive.* * 
Protamine itself is known to have a specific anticoagulant action and the hazard 
of excessive doses has been the subject of occasional speculation as a cause of 
abnormal clotting after the neutralization of heparin; nevertheless, there is little 
evidence in the literature on the actual danger of protamine inhibition of 
clotting based upon quantitative in vivo studies. With the increasingly wide- 
spread use of extracorporeal circulation, this problem is now of sufficient prac- 
tical importance to justify documentation of the precise quantitative and quali- 
tative relations of these drugs. 

A series of experiments was carried out in dogs with the objectives of de- 
termining whether protamine inhibition of blood coagulation was possible or 
likely with the amounts of protamine commonly used clinically and defining 
quantitatively the relationships of these drugs in their effect on blood clotting. 


METHODS 

Experimental studies were carried out on adult healthy mongrel dogs. The 

animals were lightly anesthetized with sodium Pentothal and a plastie cannula 

was introduced through a femoral vein into the vena eava. The cannula was 

well flushed by withdrawal of blood before samples of blood were taken for 
testing. 

THE EVALUATION OF BLOOD COAGULATION 

A protamine} titration test was used to determine the relative heparin- 

protamine levels, performed as described by Perkins® with slight modification 

In a series of 12 test tubes, 13 by 100 mm., increasing amounts of protamine 
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were placed as follows: 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, and 1,000 gamma. 
Appropriate amounts of normal saline were added to each tube to bring the 
amount of liquid in, each to 0.1 ml. When blood was drawn for testing, 1.0 ml. 
was immediately placed in each tube and the tubes were inverted onee for mix- 
ing. The tubes were allowed to stand without agitation and were read for 
clottin~ at 15, 20, and 25 minutes by tilting to horizontal. Sample titration 
results are shown in Table I with interpretation. A three-tube Lee-White 
coagulation time was determined simultaneously with each protamine titration. 


TABLE I. SAMPLE TITRATIONS WITH INTERPRETATION 


PROTAMINE | | | l | | 
(y/uu) | 0 | 5 | 10 | 15 | 20 | 95 | 30 | 35 | 40 | 45 | 50 | 1,000 











= | eee 








Heparin excess 
After 15’ O O O O O X 
After 20’ O O O O X X 
After 25’ O O O O X X 


rast 
pd 
1 bd 
MA be 
° 


Complete neutralization 


After 15’ xX X X X X X O O O O O O 

After 20’ X X X X xX X X xX O O O O 

After 25’ X X X X X X X X X X X O 
Borderline inhibition 

After 15’ x O 0 QO O O O O O O O O 

After 20’ Xx xX O O O O O O O O O O 

After 25’ xX X X X X X X X X X X O 
Moderate inhibition—protamine excess 

After 15’ O O O O O O O O O O O O 

After 20’ X O O O O O O O O O O O 

After 25’ X X X X O O O O O O O O 





X indicates clot and O no clot. 
EXPERIMENTAL PLAN AND RESULTS 


Heparin Inactivation—Varying doses of heparin* were administered in- 
travenously to 13 animals and serial protamine titrations were performed at 
hourly intervals, the first titration being carried out 15 minutes after the ad- 
ministration of heparin. The ‘‘disappearanee’’ curves of heparin, as illustrated 
in Fig. 1, were plotted in terms of the protamine equivalent, that is, the amount 
of protamine required to produce clotting at a normal time in 1 ml. of blood as 
obtained from the protamine titration. The curves of heparin disappearance 
with different dosages are similar in slope and the disappearance times were 
proportional to the initial concentrations of heparin. These disappearance curves 
are of consequence in considering protamine dosage since the minimal amount 
of protamine required for neutralization will be affected by the time elapsed 
following the administration of heparin and the resultant residual heparin 
level. In general, the level of heparin, as measured by this test, decreased by 
approximately 50 per cent per hour (mean 57.2 per cent; 8.D. 17.8 per cent). 


*Heparin sodium, Abbott Laboratories, 1,000 units per c.c. (10 mg.), used in all experi- 
ments. 
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In Vitro Neutralization of Heparin by Protamine.—F resh samples of blood 
were drawn into flasks containing known quantities of heparin. Protamine 
titrations were performed on these samples to determine the relative proportion 
of protamine necessary to neutralize the heparin and produce normal clotting. 
In all cases protamine in amounts of 100 to 150 per cent by weight of the 
administered heparin produced complete neutralization of heparin in vitro. 


In Vivo Neutralization of Heparin by Protamine.— 


Protamine given at 15-minute intervals: In a series of 26 dogs heparin was 
given intravenously in dosages of 1.0 to 4.0 mg. per kilogram, the majority of 
the dogs receiving 2.5 mg. per kilogram. Fifteen minutes later a titration was 
performed and a predetermined amount of protamine given immediately. At 
subsequent 15-minute intervals the titration was repeated and additional prota- 
mine was given until a total dosage equal to 200 per cent of the original 
heparin dose by weight was reached. Simultaneous determinations of clotting 
time by the Lee-White method were performed with each titration. 








407 
Mean * s.D. 
+ 4.0 
ad mg/Kg 
> 
WW 
“a 
= 
@ 20-7 
= | f 
lJ 
x mh 
25 
w mg/Kg 
104 \ ; 
= 4 
N1o ee Og 
0 t { z 3 4 5 6 


HOURS AFTER HEPARIN ADMINISTRATION 


Fig. 1.—Heparin inactivation rate. *The active heparin level is given in gamma of pro- 
pean der milliliter required to neutralize the heparin and produce a normal clotting time 

Table IL summarizes qualitatively the results of these studies at each level 
of protamine dosage. 

It was found that doses of protamine of 75 per cent or more by weight of 
the heparin given invariably produced complete neutralization. With protamine 
dosages from 100 to 200 per cent of the heparin given, there was an irregular, 
but marked, incidence of protamine inhibition of clotting; this phenomenon 
occurred in 14 of the 26 dogs, 11 of 22 tests at the 150 per cent level and 12 of 
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TABLE II. RELATION OF PROTAMINE DOSE TO BLOOD CLOTTING 





PROTAMINE DOSAGE IN PER CENT OF ORIGINAL HEPARIN DOSE BY WEIGHT 








EXPERIMENT | 




















NUMBER | 37 50 | 75 | 90 | 100 | 125 | 150 | 200 
1 0 + + 
2 - 0 0 
3 ~ + + - 
+ ~ + 
5 0 0 0 
6 - 0 0 
(i 0 + + + 
8 0 0 4 
9 0 0 0 
10 0 + + 
11 0 + + 
12 0 0 0 
13 0 0 0 
14 0 + + 
15 0 0 0 
16 0 + 0 
17 0 + + 
18 0 + 
19 0 0 
20 0 + a 
21 0 + 
22 0 0 
23 0 0 
24 0 + 
25 0 + 
26 0 : 
Totals 

- ] 3 

0 1 1 3 a 10 3 ik 10 

+ 2 11 12 








Minus (-) indicates heparin excess. 

Zero (0) indicates complete neutralization of heparin with clotting time within 5 minutes 
of control levels. 

Plus (+) indicates protamine excess with prolongation of clotting time of 5 minutes or 


more above control levels. 


22 at the 200 per cent level. There was a significant increase in the incidence 
of protamine inhibition of clotting at the 150 per cent level as compared to 
100 per cent or less (0.05 > P > 0.02) but not at the 200 per cent level as com- 
pared to 150 per cent (P > 0.05). 

Table III gives the quantitative degree of prolongation of clotting produced 
by protamine inhibition in the same experiments. The mean maximum increase 
in coagulation time of all dogs was 5.8 minutes above control levels; this in- 
erease is significant at the 0.1 per cent level (P < 0.001). 


Protamine given 40 to 70 minutes after heparin: In 18 dogs protamine 
was administered 40 to 70 minutes after heparin dosages in the same range as 
above. Similar observations to the first group were made and the results are 
shown in Table IV. In this group protamine equal to 50 per cent or more of 
the heparin dose was consistently sufficient to neutralize the residual active 
heparin. Similarly, protamine inhibition of clotting was seen at lower dosages, 
oceurring in 8 of 15 dogs at the 100 per cent level and in all cases between 150 
and 200 per cent. These observations are consistent with the observed inactiva- 
tion rate of heparin (Part I) which tends to result in increasingly excessive 
doses of protamine with the passage of time, unless appropriate adjustment in 
protamine dosage is made. 








TABLE IIT. THE DEGREE OF INCREASE IN CLOTTING TIME WITH PROTAMINE INHIBITION 


| CLOTTING TIME IN MINUTES 
EXPERIMENT | HIGHEST AFTER 
NUMBER | CONTROL PROTAMINE CHANGE 
1 5.0 39.0 +34.0 
2 16.0 16.0 0.0 
3 12.0 19.5 +7. 
4 6.5 13.0 +6.5 
5 6.0 8.5 $2.5 
6 15.0 15.0 0.0 
7 6.0 22.0 +16.0 
8 14:0 20.5 $6.5 
9 6.0 5.0 1.0 
10 15.0 33.0 +18.0 
1] 15.0 21.0 +6.0 
12 17.0 16.0 1.0 
13 1.5 6.0 Bs 
14 18.0 26.5 +85 
15 6.5 6.5 0.0 
16 3.0 8.5 oo 
17 4.5 10.0 5.5 
18 6.0 11.5 5.5 
19 7.0 7.0 0 
20 3.5 3:5 0.0 
21 9.5 24.5 13.0 
22 7.0 7.0 00 
23 8. iw 1.0 
24 7.0 2:5 tae 
25 10.0 16.5 6.5 
26 9.0 12.0 0 
Mean 9.0 14.9 +5.8 
S. D. 4.6 8.8 6.8 
S. D. mean 0.92 1.76 1.36 





In each instance, the maximal increase is given even though in a few experiments this 
level occurred at less than the maximal dose of protamine. 


TABLE IV. THE RESULTS OF DELAYED ADMINISTRATION OF PROTAMINI 
(GIVEN 40 To 70 MINUTES AFTER HEPARIN ) 


PROTAMINE DOSAGE IN PER CENT OF ORIGINAL HEPARIN DOSE 


EXPERIMENT |__ 


NUMBER 20 | 50 75 100 150 200 
l _ ~ 0) 
2 0 0 
3 - + 
4 0 0 
5 0 
6 0 0 
7 - t + 
8 0 + t 
9 0 
10 + + 
11 0 
12 0 + 
13 + 
14 + + 
15 0 
16 0 
17 + 
18 
Totals 
- 2 
0 2 2 3 7 
+ l ] 8 5 3 
Minus (—) indicates heparin excess. 
Zero (0) indicates complete neutralization of heparin with clotting time within 5 minutes 
of control levels. 
Plus (+) indicates protamine excess with prolongation of clotting time of 5 minutes 0! 


more above control levels. 
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The Effect of Additional Protamine Dosage.—There was not a direct rela- 
tionship between the relative amount of protamine given and the degree of 
inhibition of clotting. In a number of eases moderate inhibition was evident 
with relatively small doses and administration of more protamine did not pro- 
long the clotting time further. In a few eases each suecessive dose of protamine 
produeed sueeessively greater inhibition of blood coagulation, as illustrated in 
Table V. It is significant that in few eases was the prolongation of clotting 
time greater than 15 minutes. 


TABLE V. EFFECT OF REPEATED DOSES OF PROTAMINE 








COAGULA- 
TION 
TIME 

(MINUTES ) 


| 


PROTAMINE 
(Y/ML. ) 0 
Control 





| 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 1,000 


or 











After 15 minutes X O O O oO © O O Go @ O O 

After 20 minutes X x O O Go f O O O O O O 11 
After 25 minutes X X i ys _ x -& x X O 

After heparin—2.5 mg./Kg. 

After 15 minutes O O O O Oo O x xX x += xX O 

After 20 minutes O O O O O O xX z x =| X O >60 
After 25 minutes O O O O O O xX x x b.4 O 





After protamine—d0Q% 

After 15 minutes X xX X xX XxX x <& =x X O 9 
After 20 minutes 

After 25 minutes 


Plus protamine—50% 

After 15 minutes O O O O O O O O O O O 
After 20 minutes O O O O Oo O O O O O O 
After 25 minutes X O O O ge © O O O O O 


19 


oo°o 


Plus protamine—100% 

After 15 minutes O O O O O O O O Oo O O 

After 20 minutes O O O O oO oO O O O O O O 24 
After 25 minutes O O O O Oo O O O O O O O 


Plus protamine—100% 

After 15 minutes O O O O Oo O O O O O O 

After 20 minutes O O O O oO oO O O O O O O 39 
After 25 minutes O O O O O O O O O O O O 











DISCUSSION 
Protamine is a strongly basic proteinlike substance which has been known 
to produce effective neutralization of the anticoagulant effeet of heparin since 
1937.? 


Protamine itself acts as an anticoagulant,’ * * although not nearly so strong 
a one as heparin. This effect has been considered to be due to the inactivation 
of thromboplastin by the formation of a precipitate with the lipoid moiety of 
thromboplastin.* When protamine is given in the presence of heparin, the 
natural tendeney is for them to combine with each other rather than with other 
hlood elements, thereby neutralizing their respective anticoagulant effects. From 
this it would appear that an excess of either would permit that excess portion 
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to exert its anticoagulant effect on the blood. Such a reaction has been well 
demonstrated for heparin and the present studies suggest a similar event may 
oecur with protamine. The majority of previous studies have been performed 
only in vitro and there has been little quantitative information on the anti- 
coagulant effect of protamine in vivo, particularly as related to its use in neu- 
tralization of heparin. 

Perkins and associates*> stated that they had observed abnormal clotting 
produced by moderate dosages of protamine, but they did not cite quantitative 
studies. In the present studies protamine was found frequently to produce 
inhibition of clotting of some degree at levels of administration well within 
ranges which are frequently used clinically, that is, 100 to 200 per cent of the 
heparin dose. 

When a single neutralizing dose of protamine is given, it is not unusual to 
find the coagulation time returning almost, but not quite, to normal levels. It 
has been common practice when this finding is present to give a supplementary 
dose of protamine, assuming incomplete neutralization of the heparin. It ap- 
peared in the present experiments that it was much more common for this 
abnormal clotting time to be due to protamine inhibition of mild degree than 
to heparin excess. Furthermore, it was found that when a moderate degree of 
protamine inhibition has occurred the administration of further doses of prota- 
mine in many eases resulted in a progressive prolongation of the clotting time. 
This secondary prolongation of coagulation time could be interpreted as a 
‘‘heparin rebound’’ if simple clotting times were used as an index of heparin 
neutralization. Such a phenomenon has been used to provide an explanation 
for a secondary increase in clotting time after heparin neutralization, presum- 
ably postulating a release of previously inactivated heparin. No evidence was 
found suggesting the oecurrei.ce of ‘‘heparin rebound’’ but the present studies 
may provide an alternative explanation for a secondary rise in clotting time. 

It should be recognized that the degree of inhibition of clotting produced 
by protamine in the quantities used (up to 200 per cent of the heparin dose) 
was not great compared to that produced by heparin. The usual inerease was 
only 5 to 10 minutes above the control time and in only 3 animals was the in- 
crease greater than 15 minutes. Presumably, this abnormality could be further 
exaggerated by additional protamine. The rather wide variation in this reaction 
is not readily explained, but may be related to a certain quantitative or qualita- 
tive biologie variation in the clotting factors normally present in the blood. 

Other investigators have also found that, although a dosage of protamine 
varying from 100 to 150 per cent of the amount of heparin is necessary for 
neutralization in vitro,‘ an amount equal to 60 to 80 per cent of the heparin 
dosage produces neutralization in vivo.*** Despite these findings, it has been 
common clinical practice to administer protamine in amounts of one to two times 
the amount of heparin and, if the clotting time does not return entirely to nor- 
mal, to administer a further dose of protamine. In the present studies the 
minimal amount of protamine which could be relied upon to neutralize com- 


pletely the anticoagulant effect of a given amount of heparin was 75 per cent 
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of the heparin dose by weight. In no ease was a larger dose of protamine found 
to be inadequate. The longer the time interval after administration of heparin, 
the less protamine is required due to the rapid decrease in effective heparin 
levels. At the end of one hour a protamine dosage of 50 per cent by weight of 
the heparin given originally was consistently adequate to provide complete 
neutralization. 

Caution should be used in applying the quantitative results of these studies 
directly to the post—extracorporeal circulation state. It is our preliminary 
impression that the amount of protamine required may be slightly increased in 
this circumstanee, but that the danger of protamine inhibition may also be 
greater. This may be related to some decrease in the level of clotting factors 
during perfusion. We have been disappointed in the use of the protamine 
titration alone, as proposed by Perkins and co-workers,® as a method of estimat- 
ing the amount required since in our hands uniform optimum neutralization was 
not obtained and we tended often to have overadministration of protamine with 
some degree. It is our present practice after perfusion to administer immedi- 
ately a dose of protamine equal to 80 per cent of the original heparin dose by 
weight with some empirical adjustment depending on the duration of time 
following the administration of heparin. If subsequent protamine titration and 
clotting time does not indicate complete neutralization, the residual amount of 
protamine required can be more accurately estimated by the degree of change 
between the two titrations. 

SUMMARY 


1. Experimental studies were carried out in dogs to determine the quantita- 
tive aspects of protamine inhibition of blood coagulation with particular refer- 
ence to this occurrence following neutralization of heparin. 

2. The rate of disappearance of active heparin from the blood was observed 
to be approximately 50 per cent per hour in dosages ranging up to 4.0 mg. per 
kilogram. This is of significance both in caleulating duration of heparin activity 
and in estimating the amount of protamine needed for neutralization. 

3. Quantitative studies of the amount of protamine needed for neutraliza- 
tion of heparin indicated that 75 per cent or more of the original heparin dosage 
by weight consistently provided complete neutralization. With increasing time 
after heparin administration, progressively less protamine was needed. 

4. Quantitative studies indicated that protamine inhibition of clotting may 
be produced with dosages of protamine within the range commonly used clini- 
eally (100 to 200 per cent of the heparin dose). The observed inerease in 
coagulation time above normal was usually small, rarely exceeding 15 minutes. 

5. Protamine inhibition of clotting was found frequently to be progressively 
inereased by successive doses, illustrating the danger of additional administra- 
tion of protamine when the original neutralization of heparin has been errone- 
ously assumed to be incomplete on the basis of a slight abnormality of clotting 
time. 

6. Evidence for a ‘‘heparin rebound,’’ in the sense of a secondary or 
delayed rise in the level of active heparin, was not observed. The possibility of 
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protamine inhibition of coagulation being incorrectly interpreted..as “‘heparin 
rebound’’ was considered. 
ADDENDUM 


Since submission of this paper, observations have been obtained on the rate of heparin 
inactivation during prolonged perfusion on a patient. Serial protamine titrations performed 
during a 4-hour period of total body perfusion in a patient undergoing open heart surgery 
showed a decrease in active heparin levels which corresponded rather closely with those 
obtained experimentally. The actual rate of decrease in active heparin levels in the patient 
during perfusion was approximately 43 per cent per heur. 
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EVALUATION OF NEOMYCIN-HYDROCORTISONE OINTMENT IN THE 
OPEN TREATMENT OF EXPERIMENTAL THERMAL BURNS: 
DEVELOPMENT OF APPARATUS FOR PRODUCING 
STANDARD BURNS 
ERNEST H. MEESE, M.D., Poitier B. WELS, M.D., AND 
ANTHONY V. PostroLorr, M.D., Burra.o, N. Y. 

(From the Departments of Surgery and Pathology, Millard Fillmore Hospital, and the School 
of Medicine, University of Buffalo) 

OPICAL hydrocortisone has proved therapeutically effective in many in- 

flammatory skin diseases. For this reason we began, about 4 vears ago, to 
use this drug on a number of patients with first-, second-, and deep second- 
degree thermal burns. The rapidity with which healing consistently occurred 
as well as the lessened discomfort and apparent lessening of scar formation 
was impressive. The results were even more impressive when a neomycin- 
hydrocortisone ointment was used. 

These clinical observations were not in agreement with the findings of 
several previous investigators. Kanof,> in 1955, produced second-degree 
thermal burns in human volunteers, and found that hydrocortisone ointment 
applied topically failed to lessen the intensity or speed the recovery of the 
burn. In fact he believed that the burns may have been made worse by the 
treatment. Also in 1955, Wilson, Kimball, and Swenson’” used topical hydro- 
cortisone alone and hydrocortisone combined with neomyein on partial and 
full-thickness burns on rats, and coneluded that the steroid exerted no bene- 
ficial effect but that the antibiotic reduced surface infection if mageration was 
avoided. Butterfield,’ in 1957, found topical cortisone acetate of no avail in 
preventing blister formation in shallow flash burns on human volunteers. 
However, Fischer,* in 1958, reported that healing was speeded, infections were 
fewer, and discomfort was lessened by inunetions of neomycin-hydrocortisone 
ointment on first- to third-degree burns in patients. 

Beeause of the discrepancy between results reported by these investiga- 
tors and the exeellent clinical results found by Fischer and in our own experi- 
ence, we decided to re-investigate this problem on experimental animals under 
controlled conditions. The first requisite was to produce, if possible, exactly 
standardized thermal burns. To this end an apparatus meeting our require- 
ments was devised and tested satisfactorily for reproducibility of results. 
Standardized contact burns were then produced on experimental animals. 
The burns were divided into treated and control groups, and the progress of the 
healing process was studied grossly and histologically. 


Received for publication June 29, 1959. 
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DEVELOPMENT OF EXPERIMENTAL BURN APPARATUS 


Criteria for Establishing Standard Burns.—Before proceeding with this 
investigation it was necessary to find an accurate yet practical method of re- 
producing a standard contact burn. The six criteria enumerated by Brooks 
and associates? for the production of the standard burn required in such an 
investigation seemed most appropriate. To these we would add two further 
conditions: (1) the burn should be located on such a portion of the animal’s 
body that it will not be unduly traumatized by the animal itself, and (2) expo- 
sure time should simulate as closely as possible that of contact burns in humans 
(a few seconds or less). 

A deep second-degree burn was selected as the type to be used in this 
study because it could be produced easily according to the afore-mentioned 
criteria, and also complete epithelization could oceur with or without treatment. 

Types of Burning Apparatus Previously Used.—Review of the literature 
revealed that many methods and apparatus have been devised and used for 
the production of controlled thermal trauma. In 1932 Hudack and McMaster‘ 
devised small glass bulbs with circulating hot water for heating the ears of 
mice. Leach and associates’ developed a circular brass heating iron through 
which heated water circulated at a constant temperature; the applicator sur- 
face was constructed of thin, tinned metal for better conduction of heat than 
the glass bulbs of Hudack and McMaster. Ham* used two methods: a flask 
of boiling water was held against porcine skin or portions of the skin were 
dipped in an 80° C. waterbath, each for various intervals of time. MeCarthy’® 
also used seald burns by immersing the backs of white rats in a constant 
temperature waterbath. Brooks and co-workers,” and Moritz and Henriques," 
as well as Bennett and Dingman,! used chambers containing circulating heated 
water, much the same in principle as the Leach, Peters, and Rossiter appara- 
tus but with refinements to make possible a more standardized burn. 

The Moritz and Henriques apparatus consisted of a metal cup applied over 
a sponge rubber ring, with an adjustable rate of flow of the circulating water. 
This permitted direct exposure of the surface of the skin to the heated water, 
thus eliminating an appreciable temperature gradient through a metal surface 
between the liquid and the skin. There was no insulation of the surface by a 
static layer of gas, liquid, or solid, nor was heat lost through vaporization of 
surface moisture. Kanof* used the same apparatus for producing burns on 
human volunteers, except that methyl aleohol was used as the heated liquid 
which could be maintained easily at 63° C. (its boiling point). Wilson, Kim- 
ball, and Swenson’? used a temperature-controlled hot iron on rats. All these 
investigations were concerned with the production of contact burns. In the 
more recent literature interest has centered on atomie flash burns. The flash 
burn apparatus produced the type of burn used by Butterfield® as well as by 
Henshaw and Pearse® in their investigations of the effects of topical medication. 

Development of a New Burning Apparatus—We believed that the most 
satisfactory apparatus for producing standard contact burns should have certain 
requisites: (1) It must be capable of reproducing identical burns in different 

















Veloso 06 NEOMYCIN-HYDROCORTISONE OINTMENT FOR BURNS 1071 
animals, (2) The burning surface of the applicator must be constructed to 
maintain a constant temperature so that the heat loss between it and the skin 
surface is minimal and so that several identical burns can be made during a 
short period of time. (3) The applicator should be constructed of a light- 
weight material so that excessive pressure need not be exerted on the skin. 
(4) The apparatus should be as simple and compact as possible, preferably 
portable, easily used, and conveniently stored. 























Fig. 1.—The apparatus is compact, portable, and easy to use. 1, Heat applicator. 2, 
Burning surface. 3, Pilot lamp (indicates power on). 4, Temperature-indicating meter. 5, 
Connection from unit to applicator. 6, Line switch. 7, Heat-insulated holder. 8, Carrying 
handle. 9, ‘Temperature selector. 10, Line input. 11, Fuse. The inset shows the applicator 
dismantled and ready for use. 


With these requisites in mind, we consulted a manufacturer of electrical 
equipment (Heidenreich Laboratories of Buffalo, New York) and together we 
devised a portable unit which provided a source of steady heat that could 
easily be applied to the experimental animal. The unit was designed to pro- 
duce temperatures ranging from 0° to 300° F., making it suitable for produc- 
ing contact burns of any magnitude. 

This unit consists of a 115 volt operated, variable voltage source feeding 
into an isolation transformer which delivers low voltage (30 volts maximum) 
to the burning applicator. Since the transformer isolates the low voltage to 
the applicator from the 115 volt line, full protection is provided against voltage 
in exeess of that required. This low voltage protects the operator against 
electrical hazard when applying the burning device. 
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The applicator (Fig. 1, 7) has a corrosion-resistant head containing a 
specially designed heating element. Measurement of heat at its surface is 
read from a meter calibrated in degrees Fahrenheit, and accurate reading is 
obtained by the use of a thermocouple imbedded to within 1». inch beneath 
the surface of the contact plate. The contact face measures 2 by 2 inches, 
thus easily permitting connected areas of this size to be burned. Temperature 
variation of the applicator is obtained by the temperature selector and is 
thermostatically controlled to prevent heating beyond 500° F. Should a 
fluctuating line voltage be a problem (which was not the case in our labora- 
tory), a voltage stabilizer could be inserted easily between the line supply and 
the unit. The applicator is so constructed as to be impervious to moisture ; 
it is easily cleaned and sterilized. Attached to the burning surface of the 
applicator is a holder made of a low-conduction plastic material (Fig. 1, 7). 

Electrical units are housed within a neatly finished metal case which is 
fitted with a support for the applicator and a handle for lifting and carrying 
the unit (Fig. 1). It may be plugged into any convenient 115 volt, 60 eyele 
outlet. A signal light indicates when the applicator is being heated. The con- 
venient grouping of controls, which indicate power switch and protector fuse, 
may be seen in the illustration. 


MATERIAL AND METHOD 


Preparation and Production of Burns.—Healthy adult buck rabbits weigh- 
ing 4.5 Kg. were selected for the study, mainly because they could be handled 
easily and maintained under control conditions. Each animal was anesthetized 
with intraperitoneal sodium pentobarbital, 1 ¢.c. for every 2 Ke. of body weight. 
The skin of the paraspinous area of the back was shaved on one side with eare 
not to abrade the skin. The shaved area was thoroughly cleansed with ether 
and aleohol and was allowed to dry. 

Preliminary experiments with time and temperature, using several rabbits, 
followed by gross and histologic study of the burn, showed that contact with 
consistently and rapidly produced a 


1 


the applheator for 3 seconds at 250° F. 
deep second-degree thermal burn. This type of burn was produced on the 
prepared shaved area of each rabbit, using only the pressure of the lightweight 
applicator itself. The burn area, estimated as a 10 per cent body burn (Fig. 2), 
measured 2 by + inches and was made by two contiguous applications. A period 
of one hour was allowed to pass before application of any ointment. 

In order to eliminate to some degree the factor of individual skin variation, 
each rabbit was used both as a treated and a control animal. Burn areas were 
made on opposite sides of the back, allowing an 8-week interval between these 
experiments. 

Treatment.—In order to evaluate the therapeutic effectiveness of the neo- 
mycin-hydrocortisone inunction, its constituents were studied separately as a 
control series. The ointment itself (NHB) was therefore employed in the 


“treated” series, and the control series was divided into three groups: (1) 
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Number 

those treated with neomycin plus ointment base (NB); (2) those treated with 
hydrocortisone plus ointment base (HB); and (3) those treated with ointment 
The base was a bland water-soluble vehicle; its exact com- 


base (B) alone. 
These various medications* were applied one hour 


position was not known. 
following the contact burn and then daily for 3 weeks. All of the burns were 
Color photographs were taken at one hour, 24 





treated by the open method. 
hours, 7 days, and 21 days postburn. 
There were 25 total burns in the series, treated as shown in Table I. 


TABLE I 








NUMBER OF BURNS MEDICATION 





8 Neomycin + hydrocortisone + ointment base (NHB) 
4 Hydrocortisone + ointment base (HB) 

10 Neomycin + ointment base (NB) 

3 Ointment base alone (B) 










\“eruradany, 


Bioesy 
Sitts 


Fig. 2.—The center dividing line illustrates how the burn was produced by using a 
by 2 inch application on each of two contiguous sites. Location of the specimen for biopsy 


is also shown. 


9 
~ 


Vicroscopic Examination.—Biopsies were taken after 24 hours, 7 days, and 
21 days. Elliptical sections were excised so that the juncture of burned tissue 
with normal skin would appear in the center of the specimen to facilitate micro- 
scopie comparison of longitudinal sections of tissue (Fig. 2). All the biopsies 
were performed with the aid of a general anesthetic (intraperitoneal sodium 
pentobarbital) in order to prevent interference with the healing process. This 
was not without some hazard sinee three of the original 16 rabbits died under 
anesthesia, reducing the number of burns in the study to 25. 

The tissue sections of both treated and control specimens were presented 
to the pathologist as unknowns for histologic examination on the basis of (1) 
inflammation, (2) amount of eschar formed, and (3) degree of re-epithelization. 


RESULTS 
As had been noted by Wilson and associates'® in their studies of severe 
burns on rabbits, no blistering occurred beeause of the lack of sweat glands in 


*Supplied by The Upjohn Company in the form of Neo-Cortef, 1 per cent (NHB); Cortef, 
l per cent (HB); Myciguent (NB); and ointment base (B). 
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the skin of fur-bearing animals. Instead, the 24-hour biopsies of both treated 
and control groups in this series showed a large amount of edema and inflam- 
mation in the subcutaneous tissues. 

At the end of 7 days, there was microscopic evidence of inflammation, 
eschar, and slight re-epithelization in all tissue sections.* At this time the 
burns to which steroids had been applied (NHB and HB) showed less inflam- 
mation grossly than those treated with nonsteroid ointment (NB and B). 

At the econelusion of 21 days postburn, as shown in Table II, complete 
re-epithelization had occurred in all but three of the steroid-treated burns 
(NHB and HB) and in these three it was almost complete. In all re-epithe- 
lized burns in these two groups, no inflammation and minimal or no eschar 
was noted (Fig. 3, C and D). Slight eschar was present in 3 of the 4 HB- 
treated burns and in 1 of 8 NHB-treated burns. In the 5 incompletely re- 
epithelized burns inflammation was essentially absent. 

TABLE II. COMPARISON OF HEALING IN 25 DEEP SECOND-DEGREE BURNS IN RABBITS AT THE END 


OF THREE WEEKS 


INUNCTION AND NUMBER OF BURNS 

















CONTROL SERIES “TREATED SERIES” 
] HY DROCORTISONE NEOMYCIN + HYDRO 
OINTMENT | NEOMYCIN + BASE " | CORTISONE + BASE 
RESULTS AT 21] BASE (B) (NB) BASE (HB) (NHB) 
DAYS (3) (10) (4) (8) 
Inflammation Present (3) Present (9) Absent (4) Absent (8) 
Eschar Marked (3) Marked (10) Minimal (3) Absent (7) 
Absent (1) Minimal (1) 
Re-epithelization Absent (3) Incomplete (8) Complete (3) Complete (6) 
Absent (2) Almost complete (1) Almost complete (2) 











Inflammation was graded upon presence or absence of polymorphonuclear leukocytes in the 
burned tissue. Eschar was classified according to the amount present both grossly and _histo- 
logically. Re-epithelization was determined by the degree of histologic regrowth of epithelium in 
the tissue sections. Numbers in parentheses indicate the total number of burns in each category. 


Of the nonsteroid group (NB and B) none of the burns treated with the 
ointment base alone revealed any tendency toward re-forming epithelium 
(Fig. 3, F). Two of the NB-treated group also revealed no re-epithelization 
(Fig. 3, H), 6 showed very early regrowth, 2 moderate regrowth, but none 


*Biopsies were also performed on 4 rabbits at the end of 2 weeks. Although this was 
not routine for the series as a whole, it was interesting that the two treated with neomycin- 
hydrocortisone ointment showed almost complete re-epithelization with no inflammation or 
eschar at this time (Fig. 3, A and B) while one treated with base alone and one with neo- 
— plus base revealed much inflammation and eschar with no epithelium re-forming at this 
stage. 


Fig. 3.—A, Gross appearance of an NHB-treated burn at the end of 2 weeks. Re- 
epithelization is almost complete and there is no eschar. The biopsy site may be seen in the 
upper mid-portion of the burn. B, Biopsy of burn shown in A reveals complete re-epitheliza- 
tion, no inflammation, and no eschar. C, Gross appearance of an NHB-treated burn at the 
end of 3 weeks. The burn shows complete re-epithelization and no eschar formation. Three 
biopsy sites may be seen. D, Biopsy of burn shown in C after 3 weeks. Re-epithelization is 
complete and there is no inflammation or eschar. 

E, Marked eschar was present in al! nonsteroid-treated burns as may be seen in this 
gross section of the burn shown in F. F', Microscopic section of a burn treated with base 
alone. No tendency toward re-epithelization is noted after 3 weeks. Also marked eschar 
and inflammation are present. G, Gross appearance of a burn treated with NB. While mod- 
erate eschar is present, definite areas of re-epithelization can be seen adjacent to the eschar. 
H, Microscopic section of a burn treated with NB is almost indistinguishable from that shown 
in F. There is no re-epithelization, and inflammation and eschar are marked, 
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complete regrowth. <A strong inflammatory reaction was still present in all 
B-treated burns and in all but one of the NB-treated group. There was 
marked eschar in all nonsteroid-treated burns (Fig. 3, £). 

In general, healing was most complete in groups NHB and HB (steroid- 
treated), whereas it was negligible in those treated with ointment base alone 
(essentially untreated). It was most complete in the NHB group, but the series 
was too small for this to be significant. The NB group, occupying an inter- 
mediate position, more closely resembled in inflammation and eschar the B group; 
in re-epithelization it tended toward the steroid-treated groups (Fig. 3, @). 


COMMENT 


From this relatively small series it would appear that the ointment con- 
taining both neomycin and hydrocortisone promotes more rapid healing, with 
faster regrowth of epithelium and less eschar formation. The results in the 
HB group (hydrocortisone plus ointment base), however, were almost com- 
parable. It is significant that the burns treated with neomycin plus ointment 
base were little better than those treated with ointment base alone. This sug- 
gests that the steroid was the key factor involved in healing, but that the 
antibiotic may be of benefit in preventing surface infection of the healing 
burn, as was found by Wilson and associates.'” 

It is difficult to discount entirely the unfavorable results found by Kanof* 
in his trials of hydrocortisone treatment of burns in human volunteers. His 
ointment applications were made at intervals up to 24 hours postburn but not 
beyond that time, while our inunctions were repeated daily for a period of 3 
weeks. We believe that his treatment may have been too brief to be effective 
upon either human beings or experimental animals. This is borne out by the 
136 human burn eases reported by Fischer* in which daily applications of 
NHB were employed. He found that healing was more rapid in these eases 
and that the patient enjoyed an earlier return to his normal routine. 

It is even more difficult to discredit the findings of Wilson and his asso- 
ciates'* who used on 50 rats the identical commercial ointment (NHB) employed 
in the present study. The same 3-week period was utilized, but applications 
were made twice daily, and biopsies were taken at various time intervals. 
They stated that the burns were made by a temperature-controlled hot iron, 
but this apparatus and the manner in which it produced a standard burn were 
not described. They found no essential difference in healing between the 
treated and untreated animals. 

These investigators also used the same ointment on partial and full- 
thickness burns in human beings for 21 days, making applications two to four 
times daily on one extremity. The other extremity remained untreated as ¢ 
control. Again no essential differences in healing were found. Why their 
results should differ so greatly from those observed clinically by Fischer* and 
both elinieally and experimentally by us is difficult to understand. In the 
different experimental animals used (rats and rabbits), some variation in tis- 
sue reaction to medication and to rate of healing may be present, but such 
gross differences in human burns are puzzling. 
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It would seem that the problem might be resolved by further, more ex- 
tensive investigation, under specifically controlled conditions obviating various 
questionable factors in the afore-mentioned studies. For example: 

1. Our purpose in this study was to evaluate the steroid and antibiotic 
components of the neomycin-hydrocortisone preparation on the rate of burn 
healing as compared with the ointment base alone, which was considered 
similar to a bland substance such as petrolatum. Rabbits, therefore, were 
deemed adequate for the purpose. However, since porcine skin most closely 
resembles that of the human in its structure and function,"? pigs would prob- 
ably yield more comparable data (such as blister formation) than the fur- 
bearing animals. 

2. Skin cultures and sensitivity tests on the experimental animals would 
determine the specific role of the antibiotie in the healing process. A number 
of investigators who used an ointment incorporating neomycin ignored this 
factor, although several stated that the presence of infection could be significant. 

3. The series should include a sufficient number of experimental animals. 
Both of our series and several others reviewed were too small to draw de- 
tailed conelusions. 

4. It is imperative that experimental burns under study should be identi- 
eal, without variation in degree, depth, or intensity, although skin variation 
in animals of the same species may be a somewhat limiting factor. We believe 
that our apparatus will produce identical standard contact burns, also that by 
using the same animals in both treated and control groups the factor of skin 
variation was probably lessened, or even obviated. 

5. Daily applications of the therapeutic ointment should be made over a 
period of time adequate to obtain maximum therapeutic effect (at least 3 
weeks in the case of deep second-degree burns). 

6. Finally, the burned area should be carefully observed, both grossly 
and microscopically, at frequent intervals and over a period long enough (3 
weeks) for the total effect of the medication upon healing to be evaluated 
fully. This should be done on both the treated and control groups. 


SUMMARY AND CONCLUSIONS 
In order to evaluate our favorable elinieal impression of a neomyein- 
hydrocortisone ointment in the open treatment of thermal contact burns, an 
investigation was undertaken on standard second-degree burns in rabbits. An 
apparatus was devised which would produce identical standard burns. Vari- 
ous combinations of neomycin, hydrocortisone, and ointment base, as well as 
base alone, were then applied daily to 25 standard burns over a 3-week period. 
Biopsy was performed at the end of 24 hours, 7 days, and 21 days. 
The results showed that the inunctions incorporating hydrocortisone were 
superior to those containing no steroid. They resulted in less inflammation, 
produced less eschar, and promoted more rapid re-epithelization in the healing 


process of deep second-degree thermal burns. 
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Although our series is not large, the favorable results obtained experi- 
mentally with this medication correlate well with our clinical impression of its 
value in the treatment of patients over the past 4 years. The neomycin-hydro- 
cortisone ointment demonstrated more rapid healing, less sear formation, and 
earlier return of function to the injured part than when bland or antibiotic 
ointments alone were used. Less discomfort was also noted clinically but this 
factor is impossible to evaluate in experimental animals. The neomycin- 
hydrocortisone combination was slightly superior to the hydrocortisone oint- 
ment; however, the series was too small to draw a definite conelusion on this 
point. Presumably neomycin has an effect in preventing surface infection. 

Since there is still much controversy concerning the effectiveness of the 
topical use of neomycin-hydrocortisone ointment in the treatment of burns, 
further experimental study under precisely controlled conditions is necessary 
before a final conclusion can be made. 


Grateful acknowledgment is made to Miss Marjorie E. Jacobson for technical assist- 


ance and photographic studies. 
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(From the Department of Surgery, University of Minnesota, and the Laboratory for Cardiac 
Research, St. Joseph’s Hospital) 


XCISION and replacement of a diseased structure is the fundamental aim 

of any surgical therapy. No such solution in treatment of stenotic, hypo- 
plastic, aplastic, and regurgitant cardiae valves is on hand despite the reality 
of techniques making excision, plastic procedures, and prosthetic replacement 
possible.* !4 

Prosthetic appliances have been implanted in the area of the diseased valve 
or peripherally to the lesion. Hufnagel’s® * ball valve has found some degree ot 
clinieal acceptance in treatment of aortic regurgitation even though insertion in 
the descending aorta results only in slight improvement in the percentage of 
regurgitation while blood flow to the brain and possibly the coronary arteries is 
reduced."® 

Another approach is circumferential suture constriction of the valvular 
ring which may be dilated in patients with regurgitant disease of the aorta.* ' 
The relief of the physiologic abnormality by raising the diastolic pressure and 
restoration of a normal aortic pressure will commonly be thwarted when the 
circumferential sutures become displaced as commonly occurs. 

Plastic procedures on the valves such as bicuspid conversion utilize dis- 
eased tissues which have lost flexibility and mobility." '* Some valves will show 
pronounced degenerative changes as may be observed in fresh autopsy specimens 
and reconstruction by such means will be futile. These plastic procedures are 
not applicable in patients with marked congenital pulmonary stenosis or atresia. 
Sewing of a patch of Ivalon into the pulmonary outflow tract may cause pul- 
monary regurgitation and may prove to be a temporary measure.? The capacity 
of the outflow tract remains stationary while with growth the demand increases. 
Direct pulmonary artery anastomosis to the infundibular portion of the ven- 
tricle’' foregoes the advantages of a competent pulmonary valve. 

Autologous grafts of veins, homologous aorta with leaflets, and foreign 
materials were tested as total or partial substitutes in cases of valvular in- 
sufficiency with no or only moderate sucecess.* 1° '  Pedicled pericardium 
seemed to be more satisfactory than many other materials.° 
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Thrombosis, contraction of grafted materials due to excessive fibrosis, and 
incomplete restoration of funetion are some of the problems encountered in 
attempts to restore a functional cardiae valve. Total excision and replacement 
of the diseased structure will be the ideal approach to valvular inecompetency 
or stenosis when an adequate prosthetic replacement becomes available. 

The search for an acceptable material to supplant or reconstruet a cardiac 
valve or an appliance replacing such valves continues. An ideal valve should 
consist of a living tissue with a regenerative and growth potential. It should 
be simple in construction and mechanieally efficient, adding no resistance to 
outflow while preventing regurgitation. 

Autologous diaphragm presents features which seem to fulfill the criteria of 
a material suitable for cardiae valve replacement. Autologous tissues without 
argument are from the biologie standpoint ideally suited to any kind of surgical 
repair, replacement, and reconstruction. The diaphragm is handily available 
in large enough sheets. Its anatomie peculiarity, namely, composition of the 
thicker muscular and thin tendinous portion, is eye-catching. The thickness of 
the pars muscularis corresponds in general to that of the aorta. The tendinous 
portion quite agreeably duplicates architecturally the semicircular valves of 
the great arteries and the mitral or tricuspid valves (Fig. 1, b). The growth 
regenerative potential of the diaphragm transplanted in the form of a vaseular 
graft or leaflet is a possibility. 

Even though shreds of muscle are a convenient clot-promoting material, 
liquefaction of clotted blood occurs readily in the serous eavities over the 
diaphragm. 


MATERIALS AND METHODS 


The valves were constructed either from the tendinous portion only or from 
the tendinous and muscular portions of the diaphragm. In the latter case a 
quadrangular piece measuring approximately 8 by 5 em. in diameter was ex- 
cised from the right or the left hemidiaphragm (Fig. 1, a@) and placed into 
saline after thorough irrigation with heparin. No difficulty was encountered in 
the primary closure of the rather large diaphragmatic defects. The margins 
of the graft were trimmed and special attention was given not to traumatize 
the graft by handling. The tendinous portion, slightly longer than the breadth of 
the prospective vessel, was cut at an angle at its lateral margins and inverted to 
form a euff (Fig. 1, c and d). Two 5-0 silk sutures were placed at both 
extremities and the graft was fashioned with a continuous 5-0 silk suture into a 
tubular strueture which included thé inverted tendinous portion at the proximal 
margin (Fig. 1, b, c, and d). A unicuspid valve is thus formed. Regurgitation 
is prevented by collapse of the tendinous leaflet toward the suture seam (Fig. 
l, e and f). To prevent regurgitation the leaflet must be slightly longer than 
its breadth. Diaphragmatic valve vascular grafts thus constructed were inter- 
posed by end-to-end anastomosis into the abdominal or thoracic aorta and the 
first portion of the pulmonary artery. 
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An alternative procedure was developed applying the tendinous portion of 
the diaphragm by itself (Fig. 2, a). The test artery was transected obliquely 
and a longitudinal arteriotomy was performed in the anterior aspect of the 
distal segment (Fig. 2, b). A quadrangular tendinous graft was then inserted 
into the distal portion of the artery and sutured cirecumferentially to the tran- 
sected distal arterial end with a continuous 5-0 silk suture. The free margin 
was inserted into the longitudinal arteriotomy which was closed with a con- 
tinuous 5-0 silk suture. An end-to-end arterial anastomosis completed the 
procedure. <A similar procedure successfully tried resembles the previous but 
differs in that the cireumferential suture is performed simultaneously with an 
end-to-end anastomosis interposing the tendinous leaflet in the anastomotic line 
(Fig. 4, d and e). In the two last-deseribed procedures oblique transection of 
the distal arterial segment and proximal arterioplasty is necessary (Fig. 2, b). 





Fig. 1.—Construction of valve graft from tendinous and muscular portion of diaphragm. 
a and b, Muscular and tendinous diaphragmatic tissue. e¢ and d, Construction of tubular valve 
graft with tendinous cuff inverted. e and f, Mechanism of function. 
During construction of such a vaive, narrowing of the arterial lumen will ensue. 
However, the transverse diameter will be enlarged at the anastomotic line. 
Special attention must be paid to the free end of the valve leaflet; misplacement 
of the sutures of the longitudinal closure with inclusion of excess valve material 
will cause narrowing at the outflow os. 
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The test sites selected for insertion of the grafts were the abdominal aorta 
beyond the renal arteries and the arch of the aorta immediately beyond the left 
subelavian artery using this vessel as proximal limb of a bypass shunt into the 
descending portion of the thoracic aorta. The pulmonary valve was replaced 
after excising the leaflets. The graft was attached to the pulmonary orifice 
and the pulmonary artery with a continuous 4-0 silk suture. A bubble-type 
oxygenator was utilized to bypass the right side of the heart. 


RESULTS AND DISCUSSION 


The character of the muscular and tendinous portions of the diaphragm 
makes this tissue easier to handle than synthetic materials such as Teflon and 
the tissue is resilient enough to prevent “cutting out” of silk sutures inserted. 





Fig. 2.—Construction of valve from tendinous portion of diaphragm. a, Tendinous piece 
of diaphragmatic tissue. b, Transverse and longitudinal arteriotomy. c, Tendinous leaflet ready 
for insertion into the arterial lumen. d, Method of suturing leaflet. e, Valve in place. 


The competence of the valvular grafts in the aorta and the pulmonary artery 
was demonstrated in vivo by back flow distention of the valve while the vessel 
being occluded proximal to the graft remains collapsed. An in vivo and in 
vitro retrograde distention of the valve graft inserted in the aorta and pul- 
monary artery withstood pressures of 350 to 400 mm. Hg with no evidence of 
ineompetency. ; 
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Since upon transection of the aorta or pulmonary artery retraction of the 
vessel ensues, reconstruction by anastomosis of a tubular prosthetic device into 
the defect created by transection of the vessel was technically simpler than in- 
sertion of a valve into a partially or completely transected vessel. The clinical 
necessity of replacing a stenotic or athretie pulmonary vessel was another 
reason for developing the first method. 

The possibility of inereasing peripheral vascular flow by inserting a 
valvular graft into the terminal aorta? makes construction of a valvular mecha- 
nism adaptable to smaller vessels an attractive consideration. Unicuspid sleeve 
valves as deseribed were found functionally effeetive in vitro, in acute and 
short-term experiments upon insertion into the pulmonary artery, and in the 
thoracic or abdominal aorta of dogs. It was found feasible to insert and 
suture valves as described into the mitral, tricuspid, and aortic orifices after 
excision of the respective structures in cadaver hearts. 


SUMMARY 


A technique of autologous cardiovascular valve construction using the dog’s 
own diaphragm was described. This valve consists of a muscular tube with an 
inverted tendinous sleeve at the proximal extremity, the competency depending 
on its collapsing toward the suture line of the longitudinal seam forming the 
tubular graft. An alternative method was developed, namely, insertion of a 
rectangular sheet of the tendinous portion of the diaphragm into the trans- 
versely transected arterial trunk. An end-to-end anastomosis is performed and 
the longitudinal margin is fastened to a similarly placed arteriotomy. Such 
grafts have been inserted into the abdominal aorta, the thoracic aorta, and the 
pulmonary artery as replacement of the pulmonary valves of dogs. Competeney 
of such valves was demonstrated by retrograde distention to 400 mm. He pres- 
sure. The feasibility of inserting similar grafts into the mitral, tricuspid, and 
aortie orifices of cadaver hearts is mentioned. 


We wish to express our appreciation to Sister Victorine Long, M.S., Mr. Edward Berger, 
B.A., Mr. Charles Anderson, and Miss Sally Macho, B.S., for technical assistance. 


REFERENCES 


l. Bailey, C. P., and Zimmermann, J.: The Surgical Correction of Aortic Regurgitation, 
Am. J. Cardiol. 3: 6, 1959. 

Brock, R.: Direct Operations in Tetralogy of Fallot, Am. J. Cardiol. 3: 1, 1959. 

. Cushing, H., and Branch, J. R. B.: Experimental and Clinical Notes on Chronic 

Valvular Lesions in the Dog and Their Possible Relation to a Future Surgery of 
the Cardiac Valves, J. M. Res. 17: 471, 1908. 
4. DeWall, R. A., Warden, H. E., Read, R. C., Gott, V. L., Ziegler, N. R., Varco, R. L., 
and Lillehei, C. W.: A Simple, Expandable, Artificial Oxvgenator for Open Heart 
Surgery, S. Clin. North America 36: 1025, 1956. 
Glenn, W. W. L., Turk, L. N., and Gentsch, T. O.: The Implantation of a Vaseular 
ized Graft in the Chambers of the Heart, S. Forum 5: 6-11, 1955. 
6. Hufnagel, C. A.: <Aortie Plastic Valvular Prosthesis, Bull. Georgetown Univ. M. 
Center 4: 128, 1951. 

7. Hufnagel, C. A., Harvey, W. P., Rabil, P. J., and MeDermott, R. F.: Surgical Corree 
tion of Aortic Insufticiency, SURGERY 35: 673, 1954. 

8. Johns, T. N. P., and Blalock, A.: Mitral Insufficiency: The Experimental Use of a 
Mobile Polyvinyl Sponge Prosthesis, Ann. Surg. 140: 335, 1954. 

% Kantrowitz, A., and Lerrick, A.: The Augmentation of Peripheral Arterial Blood 
Flow by the Use of a Valve, S. Forum 5: 151-157, 1955, 


ww bo 


~t 








Volume 46 AUTOLOGOUS DIAPHRAGM CONSTRUCTION OF CARDIAC VALVE = 1083 


Number 


. Lam, R. C., Aram, H. H., and Munnell, E, R.: An Experimental Study of Aortic 
Valve Homografts, Surg. Gynec. & Obst. 94: 129, 1952. 

. Lillehei, C. W., Cohen, M., Warden, E. H., Read, C. R., Aust, J. B., DeWall, R., and 
Varco, R. L.: Direet Vision Intracardiae Correction of the Tetralogy of Fallot, 
Pentalogy of Fallot, and Pulmonary Atresia Defects, Ann. Surg. 142: 418, 1955. 

. Lillehei, C. W., Gott, V. L., DeWall, R. A., and Varco, R. L.: The Surgical Treatment 
of Stenotic or Regurgitant Lesions of the Mitral and Aortic Valves by Direct 
Vision Utilizing a Pump Oxygenator, J. Thoracic Surg. 35: 154, 1958. 

3. Schenk, W. G., Portin, B. A., Leslie, M. B., and Anderson, M. N.: Hemodynamic of 
Experimental Acute Aortic Insufficiency, Ann. Surg. 150: 104, 1959. 

. Shumway, N. E.: Forward Versus Retrograde Coronary Perfusion for Direct Vision 
Surgery of Acquired Valvular Disease, J. Thoracic Surg. 38: 75, 1959. 

. Templeton, J. Y., and Gibbon, J. H., Jr.: Experimental Reconstruction of Cardiac 
Valves by Venous and Pericardial Grafts, Ann. Surg. 129: 161, 1949. 

3. Warren, J. T., Thrower, W. B., Black, H., and Harken, D. E.: The Surgical Correction 
of Aortic Insufficiency by Cireumelusion, J. Thoracic Surg. 35: 192, 1958. 











SEGMENTAL RENAL ISCHEMIC ATROPHY 
EXPERIMENTAL Stupy OF PATHOPHYSIOLOGY, MORPHOLOGY, AND REVERSIBILITY 


H. J. Kiapprotu, M.D.,* H. Takagi, M.D.,** anp A. C. Corcoran, M.D.,*** 
CLEVELAND, OHIO 

(From the Division of Research, The Cleveland Clinic Foundation, and The Frank E. Bunts 

Educational Institute) 


ITH increased use of renal angiography, partial or total occlusion of major 

renal arterial branches with segmental renal atrophy has become a reecog- 
nized eause of arterial hypertension in man. Such hypertension has been 
relieved by uninephrectomy, partial nephrectomy, or excision of atrophie seg- 
ments.*: 72 These operations sacrifice all or part of the kidney; they contrast 
in this respect with conservative measures, such as endarterectomy, segmental 
arterial excision with anastomosis, arterial grafts, and bypasses, which have 
relieved hypertension in patients with occlusive lesions of main renal arteries. 
Improved surgical techniques may eventually enable application of reconstrue- 
tive procedures to lesions of arterial branches; these would be particularly useful 
in patients whose contralateral renal function is impaired or absent. However, 
such procedures have not yet been shown to be followed by recovery of function 
and structure, and relief of hypertension due to arterial branch lesions. 

The purpose of this report is to describe observations of renal function and 
morphology in dogs during and after constriction of major arterial branches. 
This evaluation indicates that conservative repair of lesions of major arterial] 
branehes may be elinically ineffective. The data also clarify aspects of the 
abnormal physiology and diagnosis of such lesions and bear on the problem of 
renal hypertrophy. 

MATERIALS AND METHODS 


The studies were carried out in 4 mongrel dogs weighing from 13 to 20 Kg. 
Pentobarbital sodium, 25 mg. per kilogram of body weight, was given intra- 
venously during operations and tests done at intervals after uninephrectomy and 
subeutaneous explantation of the contralateral kidney. Studies of the renal 
arterial circulation in the dog’? had established the extent of renal atrophy that 
would predictably result from occlusion of seleeted arterial branches. Accord- 
ingly, four secondary branches of the upper pole were partially occluded by 
silver wire clips molded around 23-gauge needles, the aim being to establish 
polar ischemia and atrophy involving one-fourth of the renal mass. The opera- 
tions were done at 3, 4, 8, and 10 weeks after uninephrectomy, respectively. 
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The clips were allowed to remain in place for an average of 46 (range 42 to 50) 
days, and biopsy specimens were obtained from the ischemic areas immediately 
after their removal. The observations were continued over a further period 
of 56 days, after which the animals were sacrificed and tissues were taken for 
histologie studies. 

Renal function tests were done by methods previously deseribed.** These 
included determinations of plasma clearances of p-aminohippurate (Cpan, ml./ 
min.) at low plasma concentrations, and of mannitol (Cy, ml./min.), taken 
respectively as equivalent to effective renal plasma flow (ERPF') and glomerular 
filtration rate (GFR). Mannitol was infused at rates sufficient to maintain 
osmotic diuresis and plasma concentrations of 30 to 40 mosm. per L. Other 
functions measured were urinary flow (V, ml./min.); urinary osmolality (Uosm, 
mosm./L.); osmolar clearance (Cosm, ml./min.); maximum reabsorption of 
solute-free water, both absolute (T°y,0, ml./min.), and relative to filtration 
rate (T°x,0/GFR) ; urinary sodium concentration (Uy, mEq./L.) ; and sodium 
output (UxaV, mEq./min.). From these data, filtration fraction (FF), filtered 
sodium load (Ly,), and the exereted fraction of sodium (EF ,) were ealeulated. 
Plasma extraction ratios of PAH (Epay) were measured during some of the 
tests; total renal plasma flows were ealeulated from these and corresponding 
Cran, and total renal vascular resistance (R) was caleulated as P/TRPF. 
Femoral mean arterial pressures (MAP) were measured with a mereury ma- 
These tests were done 2 weeks and 1 week 


nometer during each function test. 
before application of the clips; 2, 3, 4, and 5 weeks after application; and 1, 2, 


3, 414, and 9 weeks after their removal. 


RESULTS 


Hypertension.—Arterial pressure (Fig. 1, Table I) increased 2 weeks after 
application of the arterial clips and rose thereafter to hypertensive levels. 
Hypertension remitted only transiently and partially after removal of the clips 
and increased above previous levels at the time of the last observation. 

Morphology.— 

Biopsies: Specimens were obtained immediately after removal of the 
arterial clips. At this time, inspection and palpation of the mobilized portion 
of the kidney revealed marked polar atrophy in 3 dogs and slight atrophy in 
one. Lines of demarcation were present at the junctions of atrophie and normal 
renal segments. Arterial bleeding occurred during incision of the atrophic renal 
cortex. Microscopically, one specimen showed moderate diffuse congestion of 
glomeruli and intertubular capillaries; two showed eapsular edema and sub- 
capsular focal ischemic atrophy ; and the fourth showed intense tubular atrophy, 
periglomerular fibrosis, and subeapsular round-cell infiltration, the latter extend- 
ing into intertubular connective tissue. 

Necropsies: Three kidneys showed marked polar atrophy (Fig. 2). Lines 
of demareation between the atrophic and untouched hypertrophic renal seg- 


ments extended through the entire upper poles. On section, the atrophic 
cortices measured 2, 4, and 6 mm. in width, respectively, as compared with those 
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of the hypertrophic segments, which measured 11 mm. Calyces were small in 
the atrophic segments. Those of the hypertrophied zones were grossly normal, 
as were also renal pelves, ureters, and main renal arteries. Upper poles of all 
4 kidneys showed perirenal fibrosis in the areas of arterial clipping; the affected 
segmental arterial branches were patent. 

Microscopie diagnoses in the 3 kidneys with severe polar atrophy were as fol- 
lows: segmental ischemic atrophy with focal infarction in one; ischemic atrophy 
with glomerular hyalinization, interstitial fibrosis, and arteriolar thickening in 
one; and ischemic atrophy with focal interstitial round-cell infiltration in the 
third (Fig. 3). The fourth kidney differed in that polar atrophy was not 
severe. Microscopic findings included moderate tubular and glomerular atrophy, 
tubular dilatation, and capsular fibrosis extending irregularly into the immediate 
subeapsular cortical zone. 
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Fig. 1.—Observations after partial constriction of renal arterial branches. Values are 
means of observations in 4 dogs. Clearances are indicated as per cent of mean control levels. 
Figures on top show gross appearances of kidneys in the three experiments in which definite 
segmental atrophy was observed. 

No arterial lesions were found in the pancreas and adrenals of the 2 dogs 
with the most extensive polar atrophy. The adrenals showed widening of the 
zona glomerulosa, such as has been deseribed in experimental hypertension in 


rats’ but not in dogs. 
Excretory Functions.— 


Renal plasma flow and glomerular filtration rate: ERPF (Cpan) and GFR 
(Cy) were diminished equally—by about one-third—during the first 4 weeks 
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Fig. 2.--Gross appearance of kidney at autopsy (Dog 321); functional changes are listed in 
Table I 





Fig. 3.—Autopsy specimen (Dog 321). Photomicrograph showing well-defined line of 
demarcation between atrophic (upper) and unaffected (lower) renal segments. In the atrophic 
segment, glomeruli are shrunken, more closely spaced, and exhibit membranous thickening; 
tubuli are absent in some areas, and severely degenerated in others. The interstice appears 
dense and shows patchy round-cell infiltrations. In the unaffected segment, a mild degree of 
tubular vacuolization is noted. Arterioles appear normal in both atrophic and normal seg- 
ments. (Hematoxylin and eosin, x80.) 
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after arterial constriction, and recovered to values four-fifths those of the con- 
trols at the sixth week. FF showed no consistent changes. Renal extraction of 
PAH, measured at the third and sixth weeks, was decreased; at these intervals 
TRPF and R were increased, and the ratio GFR/TRPF substantially decreased. 

Cpan further recovered one week after removal of the clips, and continued 
this trend toward normal for the next 4 weeks, but substantially decreased at 
the last observation. GFR recovered somewhat more slowly and sustained a 
similar late decrease. FF was not changed. Epay remained depressed one week 
after removal of the clips and was incompletely recc ered at 5 weeks. Corre- 
sponding values for TRPF and R remained greater than control values; the 
ratio GFR/TRPF, low at one week, showed some recovery at 5 weeks. 
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Fig. 4.—Observations after partial constriction of renal arterial branches in 4 dogs. Ef- 
fects on water and sodium transport are demonstrated by mean values of five collecting 


periods. 

At the time of the last. observations, mean arterial pressures averaged 176 
mm. Hg, and the blood urea content 61 mg./100 ml. Assuming that Epay was 
about 80 per cent, TRPF at this time would have been decreased to average 130 
ml./min., or 86 per cent of control, representing a considerable decrease from 
previous levels. 

Water and electrolytes (Fig. 4): Maximal water reabsorptive function 
(T°y,0) was decreased by application of the clips, severely depressed at 3 weeks, 
and partially recovered during the following 3 weeks; recovery continued after 
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removal of the clips, but the function was again depressed at the last observa- 
tion. A similar pattern of impairment, partial recovery, and eventual depres- 
sion is shown when this function is expressed in relation to GFR as T°y,0/GFR. 
During the period of arterial constriction, Ly, decreased in proportion to GFR, 
which it paralleled throughout the experiments. EF y, was greatly increased 
one week after arterial constriction ; it tended thereafter to recover but was still 
twice the value of the control at 6 weeks. Removal of the clips was followed by 
a continued trend of EFy, toward control values. However, at the time of the 
last observation, EF'y, again increased, reflecting impairment as did other renal 
funetions. 
DISCUSSION 


Hypertension and Renal Morphology.—Arterial hypertension and segmental 
ischemic atrophy persisted after removal of the arterial clips and in spite of 
‘demonstrably unimpeded arterial inflow. Hence, re-established perfusion of an 
ischemic, atrophic renal segment neither initiates morphologic regeneration nor 
relieves hypertension. 

The reproducibility of control values of renal functions measured at vary- 
ing intervals after uninephrectomy and at corresponding times prior to arterial 
constriction reflects maximal compensatory hypertrophy of the remaining kid- 
neys at each interval prior to arterial clipping. Constriction of segmental 
arteries supplying about one fourth of the renal mass provided a second stimulus 
to renal growth to which the untouched, already hypertrophic segment responded 
with increases in mass and function, demonstrating a capacity for repeated 
response to appropriate renotrophie stimuli. 

Failure of regeneration of the ischemic polar segments can be attributed to 
‘‘irreversible’’ ischemic renal damage in the 3 eases of pronounced segmental 
atrophy, but this is less likely in the ease showing less severe morphologic 
changes. A better explanation, since it applies to all 4 eases, is that after release 
of the arterial clips there was no further stimulus to renal growth, the stimulus 
having been previously fully exerted in provoking hypertrophy of the untouched 
portion of the kidney. Absence of a renotrophie stimulus is also suggested by 
the courses of renal functional changes, which were not notably affected by 
removal of the clips. The functional effectiveness of an active renotrophiec stimu- 
lus is demonstrated by prompt partial recovery of exeretory functions in clamped 
anuric, severely ischemic kidneys after removal of the contralateral normal 
kidney.® 

The sequence of observations described would not accord with Braun- 
Menéndez” concept of renal hypertension, which visualizes hypertension as an 
alternative response to circulating renotrophin in any situation in which the 
normal response, tissue growth, is somehow inhibited or frustrated. According 
to this concept, removal of the clips should have been followed by regenerative 
hypertrophy of the atrophic segment and simultaneous regression of hyper- 
tension ; alternatively the hypertension should have remitted before removal of 
the clips, as the renotrophie stimulus, having fostered hypertrophy of the un- 
touched segment, subsided. 
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The tendency to intensification of hypertension, presumed renal ischemia, 
and uniform depression of renal exeretory functions observed in the last tests 
remains unexplained and merits further study. The data indicate increased 
renal vascular resistance and vasoconstriction with secondary diffuse renal 
ischemia. The functional changes might be attributed to nephrosclerosis except 
that, as is usual in the dog, anatomic evidences of arteriolar disease seem in- 
sufficient to account for significant deterioration of renal funetion, which is 
therefore tentatively ascribed to vasoconstriction. 

Renal Perfusion and Hypertension.—Dogs with renal hypertension due to 
partial occlusion of main renal arteries or perinephritis have demonstrated main- 
tenance of normal values for total renal blood flow and for many exeretory func- 
tions.® 1216 These observations have led to the inference that renal ischemia 
is not in itself the effective stimulus in renal hypertension. However, these ex- 
periments have not excluded the presence of focal ischemic areas in the affected 
kidneys. In the present experiments, hypertension was elicited in uninephrecto- 
mized dogs by a situation in which less than one-fourth of the remaining kidney 
was ischemic and, with hypertrophy, more than three-fourths of it was actually 
hyperemic. Since then a normal total renal blood flow is not inconsistent with 
significant segmental ischemia, these observations add to the evidence that focal 
renal ischemia may be a primary stimulus in renal hypertension. They show 
also that a high ratio of ischemic to nonischemie renal mass is not a necessary 


faetor. 
Vacretory Renal Functions.—The initial changes in Cpay and GFR are 


consistent with decreased renal perfusion and filtration in the segments affected 
by constriction of segmental arteries. Their subsequent slow recovery is ap- 
parently independent of the presence of arterial clips and corresponds to observa- 
tions made after partial compression of main renal arteries. This sequence has 
been attributed by some investigators” +? 1° to vasodilation distal to the arterial 
clip. However, with branch constriction, concurrent depressions of PAH ex- 
traction, of filtration, of relative renal plasma flow, and of sodium and water 
reabsorptions with persistent regressive morphologic changes are more consistent 
with the view that excretory functions were nearly completely and persistently 
suspended in the affected segment. The progression toward recovery observed 
after application of the clips seems to reflect changes in function of the un- 
touched, hyperemic, hypertrophying renal segments. 

This assumption permits correlation of observed changes in water and 
electrolyte transport with previous observations in dogs. Both inereased renal 
arterial pressure in an intact kidney*® and increased GFR in an intact renal 
segment! are accompanied by large percentile increases in water and sodium 
exeretion. This effect is attributed to an increase of solute load per functioning 
unit—indicated by increased GF R/TmMegucose OF, less directly, Cosm/GFR—beyond 
tubular reabsorptive capacity.* Our observations of greatly increased sodium 
excretion, increased urine volume, and decreased urine concentration immedi- 
ately following incomplete constriction of renal arterial branches resemble those 
of Blake' following complete occlusion of renal arterial branches. 
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Gradual recovery of reabsorptive functions in the hypertrophying segments, 
such as was observed in our experiments, could result from either adaptation 
of the existing transport systems or from addition of new cellular units during 
hypertrophy of residual nephrons. 

The pattern of impairment of concentrating mechanisms noted at the final 
observations 4 weeks later resembled that sustained immediately after constric- 
tion of the renal arterial branches. The course of the impairment of reabsorp- 
tive functions remains somewhat obscure except as it may be attributed to 
diffuse renal vasoconstriction and ischemia. Pyelonephritis was ruled out by 
histologic examination. 


Clinical Implications.—The present experiments show that in the dog hy- 
pertension may result from inadequate perfusion of one-fourth of one remain- 
ing hypertrophic kidney. The experiments simulate certain clinical cases of 
occlusive branch lesions’ in some of which hypertension was relieved by excision 
of the affected segment,’ or by partial nephrectomy. Since, in uninephrec- 
tomized dogs, release of segmental arterial constriction failed to relieve hyper- 
tension, improve renal function, or restore normal morphology of ischemie, 
atrophic renal segments, it is unlikely that conservative measures such as repair 
or endarterectomy of segmental arteries would be effective in patients with 
hypertension due to lesions of comparable arterial branches. Resection of the 
atrophie renal segment would seem to be the procedure of choice in such eases. 
The fact that in most clinical eases the opposite kidney is intact should not affect 
this conelusion since the intact mate should even diminish any regenerative 
stimulus to the nonischemie segment. 

From the aspect of diagnosis, unilateral occlusive lesions of renal arterial 
branches have ineonstant relative effects on urine flow, osmolality, and sodium 
content. The present experiments clarify the mechanism of this finding by 
demonstrating that adaptative and—at least after contralateral nephreetomy— 
hypertrophic changes in nonischemie renal segments may more than compensate 
for the functional effects of segmental disease. These changes may obscure the 
effects of disease in such a way that ureteral urine may give no indication of 
the presence of arterial branch lesions. Indeed, in a single remaining kidney, 
hypertrophy and adaptation to segmental renal atrophy may increase sodium 
output and decrease osmolality. Also, maintenance of normal total renal blood 
flow in such a kidney would obscure such an indirect diagnostic procedure as a 
‘adioisotope renogram. 

SUMMARY 


Reversibility of hypertension and functional and morphologic changes con- 
sequent on partial occlusion of segmental renal arterial branches were studied 
in uninephrectomized dogs. The functional changes reflect initial severe im- 
pairment of the affected renal segments, with subsequent over-all recovery, at- 
tributable to adaptation or hypertrophy or both of the untouched segments. 
Removal of the arterial constriction did not relieve hypertension, promote 
morphologie recovery of the atrophic renal segments or increase renal functions, 
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which subsequently deteriorated, possibly as a concomitant to persistent hyper- 
tension and vasoconstriction. The observations suggest that reconstruction of 
diseased segmental renal arterial branches may not be effective in the relief of 
hypertension and postocclusive renal changes as such procedures are in occlusive 
lesions of main renal arteries. From the aspect of diagnosis, the experiments 
show that hypertrophy of the unaffected segments may obscure effects of arterial 
branch lesions on the composition of the urine. 
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RISK OF MAJOR SURGERY IN PATIENTS WITH 
OLD MYOCARDIAL INFARCTION 


Morris M. Wetss, Sr., M.D.,* LoutsviLtue, Ky., AND Morris M. WEIss, JI 
M.D.,** PHILADELPHIA, PA. 


> 


Ney 


even advances in medicine, anesthetic technique, and surgery, especially 
pre- and postoperative care, have brought the need for re-evaluation of the 
surgical risk in individuals who have had a myoeardial infarction. This is 
particularly so since follow-up studies of those who survive a myocardial 
infarction show that the long-term prognosis should be optimistic. We made a 
5-year follow-up study of 653 patients who lived more than 2 months after 
their first myocardial infarction. It showed that 65 per cent lived more than 
2 years.’ We also made a 10-year follow-up study of a similar group of 211 
patients. It showed that one-third lived more than 10 years.'' Moreover, 65 
per cent of men who returned to work after their first myocardial infaretion 
were still working after 5 years.” 

The majority of the reports in the literature as to the surgical risk in 
arteriosclerotic or coronary artery disease fail to separate those who only had 
angina pectoris from others who had a myocardial infarction. The latter 
implies electrocardiographice or autopsy evidence of changes, since a definite 
diagnosis of myocardial infarction cannot be made otherwise.* 

Table I is a summary of literature as to the surgical risk in myocardial 
infarction of those operated on at least 4 weeks after the onset. In a few eases 
the myocardial infarction may have occurred in the immediate preoperative 
There is reported a total of 186 patients who had 253 operative pro- 


period. 
The mortality was calculated 


cedures with a 5.1 per cent operative mortality. 
on the basis of the total operative procedures. Not all of these reports are 
The criteria for the diagnosis of myocardial infarction 


exactly comparable. 
Some 


varied and the definition of major surgery was not always well defined. 
included both “major” and “minor” operations. In some reports the mortality 
rate was based on totals which included deaths not related to the heart. It is 
impossible to compare the preoperative state of the patients in the various 
reports. 

This report is based on 50 individuals who underwent major surgery at 
least 4 weeks after the onset of their infarction. The cases were from the 
Louisville General Hospital (a municipal charity hospital) and private prac- 
tice. Everyone had a thoroughly documented history of a myocardial infare- 
tion proved by electrocardiograms. The majority had electrocardiograms 
shortly before surgery and all showed abnormalities due to the infarction. 
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TABLE I. SUMMARY OF LITERATURE 























| NUMBER NUMBER NUMBER | OPERATIVE 

OF OF OF MORTALITY 
AUTHOR | YEAR PATIENTS | OPERATIONS | DEATHS (%) 
Butler et al.2 1930 8 8 1 12.5 
Hickman et al.5 1935 8 10 1 10.0 
Morrison? 1948 25 37 3 8.0 
Hannigan et al.4 1951 58 58 3 5.2 
Lockhead et al. 1954 15 30 1 3.3 
Baker et al.1 1955 46 72 4 5.5 
Dana and Ohler? 1956 26 38 0 0.0 
Total 186 253 13 5.1 





Table II gives the sex of the patients and the age at the time of the surgery. 
There were 43 men and 7 women, ranging from 46 to 86 years in age. The 
majority were in their seventh decade. Three-fourths of the patients were 
operated on within 6 years after the onset of the infaretion. Three had sur- 
gery 12, 15, and 22 years afterward, respectively. Six patients had had a 
second myocardial infarction before surgery. There was a total of 64 varied 
surgical procedures. Thus, 14 patients underwent two operations. There were 
6 operative deaths which could be related to the heart, all among the men. 
This is 9.4 per cent of the total number of operative procedures performed 
but 12 per cent of the cases. There was one death in the operating room; one 
in the recovery room; and two 24 and 48 hours, respectively, after the operation. 


TABLE II. AGE AND SEX 








AGE AT TIME 





OF SURGERY | MALE FEMALE TOTAL DEATHS 
40-49 ] 0 1 0 
50-59 11 3 14 1 
60-69 17 2 19 4 
70-79 13 1 14 0 
80+ ] 1 2 1 
Total 43 ia 50* 6 





*Who underwent a total of 64 operations with an operative mortality of 9.4 per cent. 


CLINICAL SUMMARY OF THE CASES IN WHICH DEATH OCCURRED 


Case 1.—B. F., an 80-year-old man, 2 years after a myocardial infarction had a 
transurethral prostatectomy performed under spinal anesthesia. He had auricular fibrilla- 
tion and was in mild congestive failure. He died suddenly from respiratory collapse in the 


recovery room. 


CASE 2.—A. K., a 68-year-old man, had an uncomplicated myocardial infarction 8 years 


before a gastrostomy for carcinoma of the stomach. Preliminary anesthesia was Pentothal; 
then nitrous oxide-oxygen and ether. He died on the operating room table, apparently from 


ventricular fibrillation. 


Case 3.—I. B., a 65-year-old man, 5 years after a myocardial infarction, had an unsuc- 
cessful embolectomy on the left popliteal artery. Gangrene of the leg ensued and a week later 
he had a mid-thigh amputation of the left leg under spinal anesthesia. He died one day 
later. Intermittent congestive heart failure had been present since the myocardial infarction. 
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CASE 4.—F. P., a 65-year-old man, had persistent atrial fibrillation and intermittent con- 
gestive heart failure following a myocardial infarction 4 years before surgery was performed 
on him. He died suddenly 24 hours after a suprapubic prostatectomy and the removal of a 
small adenocarcinoma of the bladder. The anesthetics used were Pentothal and nitrous oxide— 
oxygen. 

CASE 5.—A. B., a 56-year-old man, had an uncomplicated myocardial infarction 2 years 
before a cholecystectomy for acute cholecystitis with cholelithiasis. Surgery was performed 
under spinal anesthesia. He died suddenly 2 days later. 

CASE 6.—M. M., a 64-year-old man, had an uncomplicated myocardial infarction 6 
months before an enteroenterostomy for carcinoma of the jejunum. The anesthetic agents 


were nitrous oxide and Pentothal. He died suddenly 2 days later. 


Table lil lists the operations performed. All were classified as major 
procedures. No attempt was made to determine the incidence of cardiovas- 
cular and respiratory complications. They were expected to be above the 
average since some of the patients had had active symptoms of congestive 
heart failure and coronary artery insufficiency. 


TABLE III. OPERATIONS PERFORMED (PROCEDURES ) 





TYPE OF OPERATION ~ NU 





MB ER 





Transurethral resection of prostate 
Cholecystectomy 1] 
Lumbar sympathectomy 3 
Aortography | 
Subtotal gastric resection I 
Retropubic prostatectomy | 
Embolectomy femoral artery l 
Inguinal hernioplasty and orchiectomy 3 
Bilateral inguinal herniorrhaphy 4 
Transurethral resection bladder tumor 
Appendectomy 

Colostomy for diverticulitis 

Enteroenterostomy for carcinoma of jejunum 
Popliteal embolectomy 

Mid-thigh amputation 

Suprapubic removal carcinoma of bladder 

Open reduction and fixation femur 

Resection sigmoid colon for diverticulosis 
Lobotomy 

Reopen cranium to control hemorrhage 

Bilateral orchiectomy for carcinoma of prostate 
Gastrectomy 

Left hemicolectomy 

Suprapubic cystotomy 

Colostomy—carcinoma of rectum 

Lumbar aortectomy 

Bilateral cervical cordotomy 


Total 6 





Table 1V lists the type of anesthesia used. The majority of the surgeons 
preferred ether or a spinal anesthesia. This study does not warrant specific 
recommendations as to the most favorable type or method of administration of 
an anesthetic agent. In general, for individuals who have had a myocardial 
infaretion, apprehension and fear, hypoxia, marked falls in blood pressure, and 
high spinal anesthesia must be avoided. 
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TABLE IV. TYPE OF ANESTHESIA USED 











TYPE | TOTAL 
Spinal 33 
Ether 10 
Nitrous oxide 1 
Caudal 1 
Local 1 
Pentothal 3 
Cyclopropane 1 
Combined : 
Anectine drip + Pentothal 3 
Nitrous oxide + Pentothal 10 
Nitrous oxide + Demerol I.V. 1 
64 





DISCUSSION 


Sudden or relatively sudden death can oceur at any time in an individual 
who has survived a myocardial infaretion..° This poses the question as to 
whether the operation itself caused the death of any or all of the 6 patients in 
this report. 

This study does not have controls. But others have found that the risk 
is only slightly greater than that incurred from similar surgical procedures on 
a comparable age group without heart disease.‘ On the other hand, while a 
previous myocardial infarction is not a contraindication for major surgery, 
each contemplated operation should be carefully considered and not lightly 
undertaken. Elective surgery should be postponed as long as possible. When 
undertaken the risk can be decreased by meticulous medical management, 
skilled anesthesia, and careful pre- and postoperative care on the part of the 
surgeon. 

SUMMARY 


A study was made of 50 patients who underwent 64 major surgical opera- 
tions 4 weeks or more after an acute myocardial infarction. There were 47 
men and 7 women, ranging in age from 46 to 86 years. There were 6 deaths; 
all were men and all died within 48 hours after the operation. This is 9.4 per 
cent of the total number of operative procedures. Three-fourths of the pa- 
tients were operated on within 6 years after the myocardial infarction but one 
had his episode 12, another 15, and another 22 years before the operation. 

Six patients had had two myocardial infarctions. 

This study confirms the experience of other reports that myocardial in- 
faretion, after at least 4 weeks of treatment, need not of itself ban major 
surgery. 

The myocardial infarction patient must be meticulously guarded against 
apprehension and fear, hypoxia, and marked falls in blood pressure. 
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INFLUENCE OF SOME PHYSICAL FACTORS UPON OXYGENATION 
WITH A PLASTIC MEMBRANE OXYGENATOR 


R. BENVENuTO, M.D., Ano F. JoHN Lewis, M.D., Cutcago, ILL. 
(From the Department of Surgery, Northwestern University Medical School) 


A NEW type of oxygenator employing plastic membranes has been developed 
and used, both in experimental and clinical applications, in our center. 
Previous experience accumulated in the use of bubble and other types of oxy- 
genators convineed us that the problem of the ideal oxygenator was still un- 
solved. Microscopic air embolism, need for large amounts of antifoaming agents, 
defibrination of the blood, and denaturation of the blood proteins are but a few 
of the problems encountered (and up to now only partially solved) when a 
direct contact between the blood and oxygen is the basie principle of an oxy- 
genator. In an attempt to overcome some of these difficulties we have developed 
a new type of membrane oxygenator similar in many basic features to the mem- 
brane oxygenators developed by Kolff? and Clowes.’ The design of the oxygen- 
ator has been published elsewhere.* 

The purpose of this article is to report a series of studies on the influence 
of several physical factors upon the oxygenation of blood through membranes. 
The influence of humidity, temperature, and pressure of the oxygen, as well as 
the influence of the thickness of the membranes and of the speed of the blood 
flow, were evaluated. Furthermore, the permeability to oxygen of different types 
of plastic membranes was studied by means of a special apparatus. 

THE OXYGENATOR 

The apparatus used in this study is shown in Fig. 1. It consisted of a 
modification of an early model of our oxygenator in which the number of mem- 
branes was reduced to one. The original apparatus consisted of a number of 
membrane units arranged in parallel. Each unit was a large heat-sealed tube 
of thin polyethylene held flat under tension by means of a pair of aluminum 
stretching bars (Fig. 2). These bars were provided with holes which were fitted 
over pins in a basic frame. In this way each membrane unit was stretched flat 
under tension. A small tube was tied to the top opening for blood entry and 
another large tube was tied to the bottom opening for exit. To achieve an even 
distribution of blood each membrane unit had a pattern of baffles on its upper 
part. Converging lines at the lower end directed the blood to the exit tube. 
Single units of this type could easily be stacked one on top of the other and the 
entrance and exit tubes of each unit could then be fitted to an inflow and an 
outflow manifold. The entire apparatus was placed in a special box onto which 
oxygen was circulated. For the present study a single membrane unit was used. 
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METHODS AND MATERIALS 


Forty-five mongrel dogs were used for a total of 54 experiments. In a few 
instances a simple reservoir of canine blood was used. When dogs were used 
they were anesthetized with Nembutal intravenously, intubated, and connected 
to a mechanical respirator. This was done in an effort to avoid variations of 
the O. saturation of the blood of the dog during the procedure. During the 
course of the experiment blood pressure, venous pressure, and ECG were con- 
tinuously followed on an oscilloscope and occasionally recorded on a Sanborn 
Poly-Viso. Rectal temperature was taken with an electric thermometer. 
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Fig. 1. Fig. 2. 
’ Fig. 1.—Semidiagrammatic drawing of the apparatus used for this study. Note the 
single membrane unit enclosed in a plastic box. 
Fig. 2.—The single membrane unit (disposable) disconnected from the apparatus. Note 
the baffles on its upper part. 


Arterial and venous blood samples were taken before and after each test 
and were subjected to gas analysis by the method of Van Slyxe. The oxygen 
capacity, content, and saturation were determined in such a way on arterial and 
venous blood and the arteriovenous difference was ealeulated. Evaluation of 
the results was made by comparing the arteriovenous difference before and 
after the passage of the blood throughout the apparatus. A single membrane 
unit with a flow rate of 200 ¢.c. per minute was used. The diffusion of the 
oxygen through different types of plastic films was studied using the technique 
and the apparatus described by Shuman.° 
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PROCEDURE 


After heparinization of the animal, plastic catheters of the largest possible 
diameter were introduced into the jugular vein and the carotid artery and 
connected, in order, with the venous and arterial line of the oxygenator. These 
maneuvers were conducted under clean, but not aseptic, conditions. The ap- 
paratus was primed with fresh heparinized blood to prevent ‘‘bleeding’’ of the 
dog into the oxygenator. 

With the animal still connected to the respirator, a partial perfusion was 
started and carried out until the arterial] and venous pressure and rectal tem- 
perature became stable. At this moment the test was started, changing the 
factor being tested as will be described for each particular type of experiment. 

Five different groups of experiments were performed testing (1) the pres- 
sure of the oxygen, (2) the humidity of the oxygen, (3) the temperature of 
the oxygen, (4) the thickness of membranes, and (5) the speed of the blood 
flow through the membranes. 
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Fig. 3. 
RESULTS 


Oxygen Pressure.—In this experiment 26 tests were performed, employing 
20 dogs for 22 different tests and, for 4 times, a simple reservoir of blood. After 
a few minutes of perfusion and when a stable level of venous and arterial pres- 
sure and of the rectal temperature was reached, two 5-minute periods of per- 
fusion were timed and blood samples were collected before and after each one. 
In one period of perfusion the pressure of the oxygen into the plastic box was 
equal to the atmospheric pressure while in the other one it was increased to 
180 mm. Hg above the atmospheric pressure. The low and high pressures were 
applied in a random fashion. The following results were obtained: In 18 eases 
a higher pressure of oxygen gave better oxygenation. On the other hand, in 7 
instances better oxygenation was obtained with a lower oxygen pressure. In 
one case the results were similar. When a simple reservoir of canine blood was 
employed, thus excluding every interfering factor connected with the ‘‘status”’ 
of the dog, a higher oxygenation was constantly obtained when higher oxygen 
pressure was used. The results obtained are summarized in Fig. 3. 
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Thickness of Membranes—In this study two different thicknesses of poly- 
ethylene membranes (0.0008 and 0.0004 inch) were used for each experiment. 
Ten experiments were performed with 8 dogs. After the balance of the arterial 
and venous pressures and rectal temperatures of the dog was achieved, the blood 
was run through the apparatus with the same general disposition as described 
previously. The blood samples were obtained after two subsequent 5-minute 
periods of partial perfusion in which the two types of membranes were used. 
The following results were obtained: In 9 cases a thinner membrane gave better 
oxygenation and in one instance the contrary was true. 

Oxygen Temperature.—The influence of the temperature of the oxygen was 
tested in 9 experiments. Once more two 5-minute periods of partial perfusion 
were timed when conditions were stable. In one period (selected at random) 
the oxygen was at room temperature (about 28° C.); in the other, the oxygen 
was heated from 33° to 36° C. The results were as follows: Seven cases showed 
better oxygenation when oxygen at room temperature was employed; in one 
case better results were obtained with higher temperature; and in one case 
similar results were obtained. The results obtained are summarized in Fig. 4. 
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Fig. 4. 


Transit Speed of the Blood Flow.—By tilting the apparatus at an angle of 
less than 90 degrees (upright position), a slowing of the blood flow through the 
membranes could be expected. This, in turn, would probably improve the dis- 
tribution of the blood and subsequently improve the oxygenation. Since an an- 
gle of 30 degrees seemed to give the optimum of distribution, this angle was 
adopted and tested against the upright position. The influence of this factor 
was tested in 4 experiments employing 3 dogs. Two 5-minute periods of partial 
perfusion were timed. In one period the membranes were tested at an angle of 
30 degrees (arbitrarily chosen), and in the other period they were in upright 
position. The following results were obtained: In 4 experiments better oxy- 
genation was obtained when an angle of 30 degrees was employed. In one case 
the results were almost similar. 

Humidity of the Oxygen.—This factor was tested in a short series of experi- 
ments employing 5 dogs. Once more two 5-minute periods of partial perfusion 
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were timed when conditions appeared to be stable. Samples of blood were ob- 
tained before and after the passage of the blood through the apparatus with 
high oxygen humidity (average of 74 per cent) and with low oxygen humidity 
(average of 50 per cent). The following results were obtained: In 4 cases 
higher oxygenation was obtained when a lower humidity was used. In one ease 
the contrary was true. 

Diffusion of the Oxygen Through Various Membranes.—In order to detect 
the best possible material in regard to the permeability of the oxygen, the ap- 
paratus originally described by Shuman was built and different types of plast: 
membranes were tested with it. 





Fig. 5.—The apparatus originally described by Shuman‘ and built in our laboratory used to test 
the permeability of different types of plastic membrane to oxygen. 

In this apparatus (Fig. 5) the test is made under the condition of atmos- 
pherie pressure of the gas (Oz. in this ease) on one side of the membranes tested, 
and near-zero pressure of all gases on the other side. The index of permeability 
of the membrane is given in terms of cubic centimeters of gas transmitted per 
100 square inches of surface per 24 hours. Such a figure is obtained from the 
following expression : 








4 V 273 100 24 
xVx — x — 
760 = A hours 
where P = the absolute pressure inside the apparatus as measured in centi- 


meters, 
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V = total volume of the inside of the apparatus in cubic centimeters, 
T = temperature in degrees absolute, 
A = surface area of test sample in square inches, 


hours = time of test. 
With the apparatus built in our workshop the above values are: 


V = 2.77 em.’ 

A = 9.6 em.’ 

At a temperature of 27° C., T = 300° absolute. 
Substituting these values in the equation we have the following working for- 
mula: P/hr. x 0.6 = e.e. of O2 transmitted/100 sq. in./24 hr. In this way differ- 
ent types of polyethylene membranes of various thickness and physical quality, 
as well as other types of plastic films, were tested. The results listed in Table 
I were obtained. 


TABLE I 





THICKNESS 














MEMBRANE (INCHES ) | AVERAGE VALUE 
A Polyethylene (Brand A) 0.001 1,371 
B Polyethylene (Brand B) 0.001 1,825 
C Polyethylene (Brand C) 0.001 1,063 
D Polyethylene (Brand D) 0.001 1,207 
E Silastic 0.0072 8,899 
F Silicone Rubber 0.0066 10,005 
I Mylar 0.0016 2,147 
H Cellophane 0.0015 479.55 





DISCUSSION 


The results achieved in this series of pilot studies were directly employed 
in the design of our membrane oxygenator. In our previous models, in fact, a 
heating system for both the blood and the oxygen was provided and an oxygen 
humidifier was used. The heating system was used in an attempt to avoid 
changes in the body temperature of the animal subjected to extracorporeal cir- 
culation and because the diffusion of gases through plastic membranes is higher 
with higher temperatures. As it has been shown, a higher oxygenation has been 
obtained when the oxygen was not preheated. This is in accordance with the 
oxygen dissociation curve of hemoglobin, which shows that an increase in tem- 
perature decreases the capacity of oxygen fixation. In view of this fact, the 
heating system has now been dropped in our latest oxygenator. However, a 
heat exchanger has been added to the cireuit so that the temperature of the 
blood returning to the subject can be modified at will. In this way, when operat- 
ing at normal temperature, it is possible to compensate for the loss of heat due 
to the circulation of the blood through the apparatus. On the other hand, hypo- 
thermia can be rapidly induced by lowering the temperature of the fluid eir- 
eulating around the blood within the heat exchanger. 

In the early apparatus an oxygen humidifier was used on the basis of a 
study published by Simiril and Hershberger.® According to these authors the 
permeability of cellulose and plastic films to oxygen (and other gases) can be 
inereased by increasing the water content of the film. Our results, however, did 
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not confirm the afore-mentioned findings and therefore the oxygen humidifier is 
no longer present in our oxygenator. Perhaps this discrepancy in results might 
be due to the fact that in an oxygenator the situation is not quite the same as 
in a testing apparatus. In the latter, in fact, both surfaces of the membrane 
are in contact with a ‘‘dry’’ environment, while in the former one surface of 
the membrane is always in contact with a ‘‘wet’’ medium, namely, the blood. 


In regard to the oxygen pressure, the following considerations must be 
pointed out. According to the results obtained it is desirable to have the highest 
pressure possible. This, however, can be achieved only at the cost of remarkable 
practical difficulties. The construction of a pressure box strong enough to hold 
high pressures and yet not unreasonably heavy is a rather difficult problem and 
the enclosure of the membranes in the box makes the handling of the whole 
apparatus difficult. Furthermore, even though in this way the partial pressure 
of the oxygen is increased, the partial pressure of the CO, will remain un- 
changed and therefore, the CO, diffusion gradient across the membranes is com- 
pletely unaffected. 

As deseribed by Melrose* the CO./O. permeability ratio of polyethylene film 
is about 4; but the PO./PCO. partial pressure ratio on the side of the membrane 
opposite to the blood when pure O, is used is about 15. Therefore, there is a 
difference in the ratio of transport across the membrane which is already in 
favor of the oxygen. Consequently there is no need for a further increase of 
the oxygen diffusion gradient. What should be increased is the CO, diffusion 
gradient, but this obviously is not affected by any change in the partial pressure 
of the O.. Considering that an oxygenator should provide both the addition of 
oxygen and removal of carbon dioxide, it is clear that by increasing the partial 
pressure of the oxygen only one aspect of the problem will be affected. There- 
fore, in our latest model such a box has been eliminated and the oxygen cireu- 
lates between the membranes at atmospheric pressure. Regarding the type of 
plastic membrane one should use, from a theoretical point of view, other types 
than polyethylene are recommended. At present we are employing polyethylene 
membranes in our oxygenator mainly for practical reasons such as low cost, easy 
availability, and easy handling. However, studies are in progress in our labora- 
tory for using routinely other types of plastic material which were observed to 
have a higher oxygen transmission index. 


SUMMARY 


A series of experiments to determine the influence of the pressure, humidity, 
and temperature of the oxygen as well as the position and thickness of the mem- 
branes on oxygenation with a membrane oxygenator, has been carried out. 

It has been demonstrated that (1) higher oxygen pressure and tempera- 
ture, (2) a lower oxygen humidity, (3) an angulation of the apparatus at 30 
degrees leading to a prolongation of the transit time of the blood through the 
membrane, and finally (4) the thinnest possible membrane give better oxygena- 
tion. These principles have guided the design and construction of our latest 
model of oxygenator. 
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EXPERIMENTAL APPRAISAL OF THE AGENTS EMPLOYED AS 
ANGIOCARDIOGRAPHIC AND AORTOGRAPHIC CONTRAST MEDIA 


I. NEUROTOXICITY 
Epwarp M. Lance, M.D., Aanp DuNcAN A. KILLEN, M.D., NASHVILLE, TENN. 


(From the Department of Surgery and the S. R. Light Laboratory for Surgical Research, 
Vanderbilt University School of Medicine) 


N ever-inereasing number of reports have exposed the existence of adverse 
reactions resulting from clinical application of the contrast materials eur- 
rently employed for angiocardiography and aortography. Many of the more 
serious of these complications have been the result of insult of the contrast 
agents to the central nervous system. It seemed appropriate therefore to under- 
take an experimental evaluation of the neurotoxicity of the commonly used 
angiocardiographie and aortographie contrast media. 


METHOD 


Sodium iodide (54.6 per cent), Urokon (70 per cent), Neo-lopax (75 per 
cent), Miokon (90 per cent), Diodrast (70 per cent), Hypaque (90 per cent), 
and Thorotrast (25 per cent) were subjected to the evaluative procedures herein 
described. The substances innumerated represent the more readily available 
contrast media in the highest concentrations currently marketed, with the ex- 
ception of sodium iodide (54.6 per cent). The concentration of sodium iodide 
chosen for use in this study is such that its iodine content is eomparable to the 
iodine content of the organic iodide contrast media tested. 

Unselected adult mongrel dogs were used as the test animals for assessing 
the neurological responses to aortie dissemination of the angiographic contrast 
solutions. Anesthetization was accomplished by the intravenous injection of 
veterinary Nembutal (30 mg. per kilogram) except in two instanees in which 
suceinyleholine immobilization was employed. The animals were placed in the 
supine position and the abdominal aorta was exposed by laparotomy with 
sterile precautions. The aortic instillation of the test contrast materials was 
performed as follows: The tip of a No. 18-gauge needle was slanted cephalad 
after puncture of the anterior wall of the aorta 1 em. below the origin of the 
left renal artery and 15 c¢.ec. of contrast medium were manually injected over 
a 5-second period (Fig. 1). No animal was included in this analysis if there 
was evidence of incomplete intraluminal delivery of the contrast material. 


This investigation was supported in part by the Research and Development Division, 
ya of the Surgeon General, Department of the Army, under Contract No. DA-49-007-MD- 


Winthrop Laboratories, Inc., Mallinckrodt Chemical Works, and Schering Corporation 
senerously contributed supplies of their respective products for utilization in this study. 


Received for publication May 29, 1959. 
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Central nervous system tissue toxicities were measured in terms of the 
clinical evidences of abnormal neurological function. Spinal cord insult in the 
test animal was quantitated on the basis of clinical observations taken from the 
time of injection of the contrast material until dem ‘se or sacrifice of the animal. 
The immediate postinjection (during anesthesia) assessment was based upon 
the absence or presence of abnormal hindlimb motor responses. The absence or 
presence and quality of residual (postanesthesia) hindlimb motor deficits were 
determined and eatalogued for each hindlimb immediately upon recovery from 
anesthesia and by means of serial neurological evaluation of the defective ani- 
mals during their postinjection survival period. No neurologically incompetent 
animal was sacrificed until a minimal follow-up period of 3 weeks had elapsed. 
Animals exhibiting no neurological deficit were released after a minimum follow 
up period of one week. 

Using routine hematoxylin and eosin staining technique, histologic ex- 
amination of tissue from the spinal cord was performed in selected instances. 








Fig. 1.—Illustration depicting site and ome a intra-aortic dissemination of contrast ma- 
RESULTS 

Sixty-one dogs of varying weights were utilized under the conditions of 
this study. The central nervous system damage was limited primarily to the 
spinal cord, although, as will be mentioned, a general cerebral depressive effect 
which, in its extreme form promptly resulted in death, was noted in some ani- 
mals. The elinical expression of the spinal cord damage seemed naturally to 
divide itself into two main areas, namely: the immediate response to injury 
noted while the animal was still anesthetized and the postanesthetie neurological 
deficits exhibited by the test animals. 

Hyperirritability phenomena manifested by the hindlimbs of the anesthetized 
animals formed a basis for the evaluation of the immediate toxie effeet of the 
injected contrast materials upon the spinal cord. Three distinet components 
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of this hyperirritability complex permitted objective tabulation. The incidence 
and severity of these component reactions varied with the contrast material 
used and each component also demonstrated to some degree independence with 
regard to appearance. Spontaneous hyperextension, spontaneous sustained hind- 
limb myoclonic seizure and an exaggerated hindlimb motor response to exter- 
nal stimuli (hyperreflexia) were the three measurable elements of neuronal 
hyperirritability. - 

Hindlimb hyperextension, when present, was the earliest manifestation of 
neuronal irritability usually appearing within 5 to 90 seconds after the injection 
of the contrast substance. The clinical picture was that of sudden rigid hindlimb 
hyperextension sustained for periods lasting from 10 seconds to 2 minutes. 
Specifically, those animals tested with sodium iodide exhibited hyperextension 
which was characterized by an earlier onset and a shorter duration than was 
observed with the same phenomenon oceasioned by the injection of the organic 
iodide test materials. Termination of the phase of hyperextension was signaled 
by either the onset of a myoclonic seizure or a gradual lysis of the rigidity and 
conversion to a flaccid state. Of the test contrast materials used, Thorotrast 
and Miokon failed to engender a hyperextension reaction, while the other end 
of the seale was illustrated by the sodium iodide group in which every animal 
exhibited the phase of hindlimb hyperextension (see Tables I through VII). 


TABLE I 
HINDLIMB NEUROLOGIC RESPONSE TO THOROTRAST 











ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP 
joao oe ps ot Seizure nl Immediate i wk, 2 wks, 3 wks. 
719 12.8 - - - a) ® _— _— 
720 8.L : - - ® ®O one ame 
847 13.5 - - - 40) ® some satin 
848 16.5 - - - ® ® ame cans 
850 13.7 - - - ® ® _— on 
852 13.7 - - - ® ® _— mani 
858 10.3 - - - ® ® ame ain 
873 10.0 - - - ® © _— _— 





























KEY: (Each hemicircle represents one himdlimb) 
O- no motor deficit ge paralysis 
@- paresis > = non-survival 


A correlation between the presence of hyperextension and the sequential ap- 
pearance ot another of the manifestations of neuronal hyperirritability was 
uniformly positive in the animals receiving Urokon, Diodrast, and Hypaque; 
the reverse of this situation occurred in the sodium iodide and Neo-Iopax ani- 
mals where hindlimb hyperextension was the only detectable evidence of neuronal 


hyperirritability. 
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Spontaneous sustained myoclonic seizures constituted the most dramatic 
indication of neuronal irritability. The seizures appeared with stark suddenness 
within a period of 30 seconds to 2 
material into the abdominal aorta, and were observed to have a variable duration 
The convulsive movements were of a sustained 


minutes following instillation of the test 


of from one-half to 10 minutes. 


TABLE II 


HINDLIMB NEUROLOGIC RESPONSE TO HYPAQUE 










































































ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP 
Animal Weight lyper= Seizure r- Immediate i wk. 2 wks, 3 wks. 
Number (Kem. ) extension reflexia 
477 15.h - - - @ 0) = _— 
478 7.2 + - 7 ® + —— az. 
76k 11.0 - « + 0) ® — —_ 
765 12.8 - - . 49) ® a — 
775 13.2 ~ - - 49) «)) — ais 
791 10.0 i a ja 4) - a —_ 
792 8.1 - - ¢ ® ® —_ ome 
795 8.0 - - - 0) 0) pa — 
KEY: See Table I 
TABLE III 
HINDLIMB NEUROLOGIC RESPONSE TO DIODRAST 
ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP 
Animal Weight | Hyper- Seizure Hyper- Immediate 1 wk, 2 wks, 3 wks, 
Number (Kem, ) extension reflexia 
141 13.4 - - + @ Q a) asi 
145 17.0 + - + @ 4) —_ ave 
16 13.6 + - + @ 40) ne _— 
156 13.0 - - + © 0) am —_ 
157 6.6 - - + @ + me aie 
169 10.1 - - - @ @ 0) — 
516 9.0 - - + @ @ @ © 
517 9.2 ~ + + + — — _— 
619 13.5 + - + ®@ © nn ane 
KEY: See Table I 


rhythmical and foreeful character, and involved only the musculature of the 
Urokon and Diodrast were the only two test 
The seizures were in- 


abdomen, hindlimbs, and _ tail. 
substances followed by seizures (Tables III and VI). 
variably sueceeded by hyperreflexia, the third of the three components of the 


neuronal hyperirritability complex. 
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Hyperreflexia not only followed the myoclonic seizures, but occasionally 
succeeded an initial hyperextension, and often was the sole expression of neu- 
ronal hyperirritability. In its milder form the hyperreflexia existed as an 
exaggerated deep tendon reflex capable of responding briskly to a gentle finger 
tap of the hindlimb. The severe counterpart of this mild reaction was usually 
noted to follow the myoclonic convulsions and was of such magnitude that a 


TABLE IV 


HINDLIMB NEUROLOGIC RESPONSE TO MIOKON 






































ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP 
Animal | Weight |" Hyper- Seizure | Hyper- Immediate | 1 wk. | © wks. | 3 wks. 
Number (Kem. ) extension reflexia 
15 7.6 - - - ® @ © asi 
105 7.6 ~ ~ - + annie on iis 
12h 10.0 - - - © 0) a re 
ws | 90] - - ® |e®!|o/{o 
127 10,3 - - ¢ © @ ® @ 
140 16.5 - - - @ @ @ Q 
402 7.1 - - . + cas _— a 
403 12.2 - - - > & & + 
498 15.4 . - - @ Q 0) cones 
979 9.3 - - + as & a ® 
KEY: See Table I 
TABLE V 


HINDLIMB NEUROLOGIC RESPONSE TO NEO=IOPAX 











ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP 
Animal | Weight yper- Seizure | Hyper- Tmmediate | 1 wk. | © wks. | 3 wks. 
Number | (Kgm.) | extension reflexia 
168 10.5 ‘ - - @ @ ® ® 
175 13.6 + = * @ @ @ @ 
176 15.0 + . - & t+ a owes 
190 11.6 - - = @ @ @ 
191 13.6 + - - e ae + _— 
198 9.0 + - - e t — sans 
695 9.9 + - - & t — =a 
696 10.6 + ‘ - @ Se + — 





























KEY: See Table I 


minimal external stimulation (that is, the dropping of a gauze sponge on the 
hindlimbs) often precipitated a short-term recrudescence of the preceding 
myoclonic seizure pattern. The duration of the period of hyperreflexia varied 
from 2 to 30 minutes with a rough correlation noted between severity and dura- 
tion. Often suture closure of the abdominal wall of the experimental animal 
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had to be purposely delayed until the animal had become refractory to such 
stimulation, because approximation of the tissues was impossible under the 
conditions of extreme irritability which existed. 


TABIE VI 


HINDLIMB NEUROLOGIC RESPONSE TO UROKON 










































































ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP 
Animal Weight lyper- Seizure Hyper- ~ Immediate lo wk, 2 wks, 3 wks, 
Number (Kem, ) extension reflexia 
417 8.7 + . ¢ s & e t 
418 10.5 - - + ie + ~~ a 
615 8.0 + + + & + ‘ie = 
623 14.8 + + + = € & * 
630 8.0 + + + @ + ao. i 
643" 12.3 7 - + + =. —_ — 
670 18.5 + + + f.4 + a _ 
689°" 10.0 © . ° i + _ —_ 
2S aad 8.6 - - - i@ - — __ 
KEY: See Table I 
*Death attributed to bronchial aspiration, 
** succinylcholine immobilization, 
TABLE VII 
* (NDLIMB NEUROLOGIC RESPONSE TO SODIUM IODIDE 
ANESTHETIC PERIOD POST-ANESTHETIC FOLLOW-UP : 
Animal Weight | Hyper- Seizure Hyper- Immediate I wk, ‘2 WKS, 3 Wks, 
Number (Kem, ) extension re flexia 
199 15.0 + - - + oa — a 
219* 9.5 + - - ~ — mee nie 
220 10.5 + - - + — << alli 
237 13.5 + - - + _— ome — 
238 11.5 + ° - t a pos mane 
2uh 8. + - - + — — aii 
2u5 10.0 + ~ - + — dali ice 
423 10.1 + - - ~ _— — — 
hah 9.7 + - - + — — em 
KEY: See Table I 


*Death attributed to bronchial aspiration 


No evidence of hyperreflexia was observed in the animals tested with sodium 
iodide, Neo-Iopax, or Thorotrast. The phenomenon was most prevalent in the 
Urokon and Diodrast groups. 

In addition to the above recorded evidence of central nervous system injury 
certain other less easily quantitated immediate phenomena reflecting neuronal 


insult were observed. 
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Contraction of the spleen and tachyeardia usually attended the injection 
of the test materials. Spasm and increased peristaltic activity of the intestine, 
detrusor muscle contraction occasionally associated with micturition, and defeeca- 
tion also frequently followed the injection of the contrast media. These re- 
sponses appeared to represent mass autonomic discharge occasioned by noxious 
effects of the contrast substance and occurred particularly following the use 
of sodium icdide and to a lesser degree following Urokon and Neo-Iopax. 

Animals under light pentobarbital anesthesia manifested an apparent deep- 
ening of their anesthetic level within seconds of completion of the aortic dis- 
semination of the contrast media, primarily Urokon. The potentiation of anes- 
thesia was of such a magnitude that it was considered desirable to administer 
Urokon during light anesthetic levels in order to avoid an inordinately high 
anesthetic mortality rate. 

No immediate (within 12 hours) postinjection death could be clearly attrib- 
uted to anesthetic error, and, therefore, failure to regain consciousness was 
considered an indication of the magnitude of the neurotoxic potential of the 
injected contrast agent except in the two animals, one in the sodium iodide 
group and one in the Urokon group, that expired from complications resulting 
from bronchial aspiration of gastric contents while under anesthesia (see Tables 
VI and VII). On this basis the injection of sodium iodide was uniformly 
followed by death within the first few hours without the animal’s ever regaining 
consciousness. The administration of Miokon in two instances and of Diodrast 
in one instance led to a similar demise of the injected animals. 

Thus, of the original group of 61 animals, 48 survived both injection and 
anesthesia for a length of time sufficient to permit objective evaluation of hind- 
limb motor deficits. Therefore, each of the contrast agents (except sodium 
iodide) was objectively evaluated on the basis of findings in an equal number 
of surviving animals, namely, eight. 

Paraplegia represented the ultimate in hindlimb motor deficiency. The 
elinieal syndrome was that of a flaccid paralysis of the hindlimbs and tail with 
associated sphineteric incontinence leading to maceration and ulceration of the 
integument of the denervated parts. Sensory modalities were inhibited from 
the paralyzed areas as painful stimuli were ignored by the affected animals. 
Priapism compounded this paraplegic state in two instanees (one animal in 
each of the Urokon and Neo-Iopax groups) and was itself in turn complicated 
by the development of gangrenous changes of the phallus in one animal 
(Urokon). 

Urokon fostered paraplegia in ali & test animals receiving this substance. 
Five of the Neo-Iopax group and two of the Miokon group were similarly 
rendered paraplegic (see Tables IV, V, and VI). Of the 15 animals manifesting 
paraplegia, none exhibited evidence to indicate a return of any voluntary motor 
activity. In one animal the flaccid paraplegia gradually evolved into a spastic 
paraplegia. 

Lesser degrees of spinal cord damage as measured by clinical examination 
were revealed by unilateral paresis, bilateral paresis, or unilateral paresis in 
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conjunction with unilateral paralysis. These intermediate degrees of motor 
deficit were cbserved in 16 animals. The less severe deficits occurred with 
varying frequency as a result of injections of Neo-Iopax, Miokon, Diodrast, and 
Hypaque (Tables II through V). 

Priapism, anesthesia, skin ulceration, and impaired sphincter function did 
not occur in animals not paraplegic. A further contrasting feature between 
paraplegie and paretic animals was the tendeney of the latter group to show 
amelioration of their deficits with the passage of time (10 animals complete 
recovery and 5 animals partial recovery). 

All 8 animals receiving Thorotrast, 7 animals receiving Hypaque, one ani- 
mal receiving Diodrast, and one animal receiving Miokon did not sustain spinal 
cord damage as evidenced by their failure to display any clinical reflection of 
neuronal insult. 





Fig. 2.—Low-power photomicrograph showing selective destruction of gray matter of the sacral 
region of the spinal cord taken from an animal rendered paraplegic by Urokon. 


Fifteen of the 48 animals that survived anesthesia died during the post- 
anesthetic observation period. Five of these deaths occurred in animals exhibit- 
ing progressive azotemia secondary to concomitant renal damage. At autopsy, 
peritonitis was found in two other instances. Only complications of the neuro- 
logical injury could be implicated as the cause of the early demise of the other 
8 animals. 

Spinal cords from animals that demonstrated paraplegia were found, when 
subjected to histologic analysis, to display massive dissolution of the gray matter 
(Fig. 2). 
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DISCUSSION 


Proof that central nervous system damage resulting from the injection of 
angiographic contrast material constitutes a recurring and serious hazard to 
the patient is offered by the prominent consideration given this complication 
by those reviewing the subject. 

Central nervous system damage can be incriminated in 13.5 per cent of the 
fatal complications of abdominal aortography, 24 per cent of the fatal complica- 
tions of thoracic acrtography, and 48 per cent of the fatalities resulting from 
angiocardiography.» * 1 

Neurological complications such as hemiplegia, blindness, convulsion, and 
paraplegia constitute 35 per cent of the severe nonfatal complications resulting 
from abdominal and thoracic aortography.» 1 

Although the ultimate nature of the neurotoxic mechanisms involved in the 
production of central nervous system damage by the contrast agents studied 
cannot as yet be described, certain qualitative aspects pertaining to the character 
of the central nervous system injury may be formulated. The neuronal damage 
observed subsetuent to the aortie injection of the contrast materials studied is 
the result of a direct cellular insult rather than a secondary phenomenon 
incident to anoxia, vascular thrombosis, or capillary endothelial alterations. 
The intensity and quality of the toxie reactions vary in an as yet incompletely 
understood fashion with the chemical structure of the contrast agent. The 
clinical and histologic appraisal of central nervous system damage resulting 
from aortic dissemination of contrast media indicates that the injury is generally 
of a lasting destructive character rather than suppressive and temporal in 
nature (Fig. 2). Support of these statements may be derived from an analysis 
of the evidence obtained as a result of the series of tests described herein and 
other reports.? 41% 15 

No definitive attempt was made to control the weight factor, other than to 
avoid the use of extremely large or extremely small animals. The resulting 
mean weights for the seven groups of test animals were as follows: sodium iodide 
(10.9 Kg.), Urokon (11.0 Kg.), Neo-Iopax (11.7 Kg.), Miokon (10.5 Keg.), 
Diodrast (10.5 Kg.), Hypaque (10.1 Kg.), and Thorotrast (12.5 Kg.). It may 
be inferred, therefore, that weight per se did not influence the immediate or 
delayed response to the injected test material. 

The appearance or absence of any or all of the components of the immediate 
motor response (hyperextension, seizure, and hyperreflexia) to the injected con- 
trast media may be correlated with the hindlimb motor deficit observed in the 
postanesthetie period. Twenty-six animals exhibited at least one of the three 
immediate phenomena. Twenty-two of these animals subsequently demon- 
strated some loss of hindlimb motor function. Seizure was engendered by the 
contrast agent in five instances and was uniformly followed by paraplegia. 

Only 7 of the 20 animals (exeluding 2 animals immobilized with succinyl- 
choline) that did not manifest any evidence of immediate motor response 
showed residual hindlim) motor function impairment upon recovery from anes- 
thesia and only one of these 7 was paraplegic. 
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Thus, it would seem that the appearance of one or all of the immediate 
forms of motor response has definite prognostic significance in that residual 
motor deficit can be predicted in about 85 per cent of these instances; however, 
the converse, absence of hyperirritability, is no guarantee of subsequent normal 
motor function. Further, it may be stated that an immediate seizure augurs 
paraplegia as the definitive neurological deficit resulting from contrast media 
insult. 

The general character of the components of the immediate motor response 
was similar no matter what the chemical structure of the inciting test material. 
The only variation from this was noted in the ease of sodium iodide in which 
the hyperextension response appeared earlier and was of shorter duration than 
when manifested as a reaction to the injection of any of the other contrast 
substances. 

The pattern of immediate motor response varied somewhat with the con- 
trast media injected. Sodium iodide and Neo-Iopax aroused hyperextension 
generally in the absence of any of the other components of the immediate motor 
reaction. Miokon was noteworthy because of its peculiar inability to cause an 
immediate motor reaction in spite of a high incidence of residual hindlimb motor 
impairment. 

The incidence and character of the hindlimb motor deficits demonstrable 
in the postanesthetic period have been described. The evolutionary changes, 
noted in the course of the hindlimb paresis and paralysis in the follow-up period, 
ean be related to the severity of the initial hindlimb motor impairment. The 
animals that were initially paraplegic experienced no regression of their disease 
while all animals that exhibited original deficits less than paraplegia (and sur- 
vived beyond one week) displayed evidence of progressive return of hindlimb 
motor funetion within 1 to 3 weeks. 

The intensity of the visceral responses, previously referred to herein as a 
mass autonomic nervous system discharge, can be correlated with the neuro- 
toxicity of the contrast agent employed in a fashion similar to mortality and 
spinal cord damage. 

The seeming potentiation of barbiturate narcosis by Urokon in these animals 
has a clinical counterpart on the basis of the report by McAfee and Willson.” 
CONCLUSIONS 

The capability of the currently available angiocardiographie and aorto- 
graphie contrast media for causing central nervous system injury is founded 
upon their eytotoxie effect which in itself is dependent upon their chemical 
structure. 

The results of this study provide information which permits a grading of 
the neurotoxic potential of the seven contrast materials (in the concentrations 
employed) evaluated. Thus, a list based upon descending order of neurotoxicity 
ean be formulated as follows: sodium iodide, Urokon (sodium acetrizoate), 
Neo-Iopax (iodomethamate), Miokon (sodium and methylglucamine dipro- 
trizoate), Diodrast (iodopyracet), Hypaque (sodium and methylglucamine 


diatrizoate), and Thorotrast (thorium dioxide). 
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Number 6 


Realizing that various other factors (radiopacity, viscosity, facility of 
handling, and so on) may govern the selection of angiographic contrast media, 
we feel that in clinical situations allowing arbitrary choice of the angiocardio- 
graphie and aortographie contrast material a compound with minimal neurotoxic 
potential should be employed. Hypaque and Thorotrast on the basis of this study 
exhibit the least affinity for central nervous system tissues. Thorotrast, because of 
its relatively low radiopacity, propensity for engendering a local granulomatous 
reaction, and suspected cancerogenic role, is unsuitable for use except possibly 
in specific instances. Hypaque, on the strength of these considerations and its 
known adequacy for angiographic visualization, would appear to be the current 
contrast agent of choice for angiocardiography and aortography. 
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STUDIES OF HEPATIC BLOOD FLOW AND OXYGEN CONSUMPTION 
DURING TOTAL CARDIOPULMONARY BYPASS 


JOHN A. WALDHAUSEN, M.D., Cantos R. LomBarpo, M.D., James A. McF'ARLAND, 
M.D., Witu1Am P. CorNnELL, M.D.; AND ANDREW G. Morrow, M.D., BETHESDA, Mp. 


(From the Clinic of Surgery, National Heart Institute) 


LINICAL observations of patients undergoing open heart operations with 

the aid of extracorporeal circulation have sometimes revealed definite but 
transient alterations in liver function as determined by the usual laboratory 
examinations. Hepatic anoxia, due to reduced cardiac output, has long been 
known to cause hepatocellular changes in both man and experimental animals. 
It was felt, therefore, that an experimental study might elucidate some of the 
factors contributing to alterations in liver funetion after cardiopulmonary 
bypass. In the present investigations hepatic blood flow and oxygen consump- 
tion were measured during a control period and during perfusion at systemic 
flow rates commonly employed in open heart surgery. 


METHODS 


Healthy fasting mongrel dogs weighing 12.4 to 22.9 Kg. were employed. 
The animals were anesthetized with 2 mg. per kilogram of morphine sulfate 
given intramuscularly followed in 20 to 30 minutes by 48 mg. per kilogram of 
chloralose and 480 mg. per kilogram of urethane also administrated intravenc isly. 
Ventilation was maintained by a mechanical positive pressure respirator. The 
right. chest was opened through the fifth intercostal space, the venae cavae were 
exposed, the right pulmonary artery was dissected free, and the pericardium 
was widely incised. A second incision was made in the tenth intercostal space 
and extended through the right rectus muscle to the midline of the abdomen. 
The right hemidiaphragm was transected exposing the liver. The proximal 
portion of the inferior vena cava was cannulated through the right adrenal 
vein for pressure recordings. A braided silk ligature was passed around the 
inferior vena cava above the renal veins and the left adrenal vein. This 
ligature, when tied, interrupted the cava and separated the hepatie venous 
return from the remainder of the inferior caval flow (Fig. 1). Pressure in the 
portal vein was measured by means of a small cannula placed through a purse- 
string suture in that vessel. The peritoneal covering over the hepatie artery 
was divided longitudinally and care was taken to preserve the surrounding 
nerve plexi. The gastroduodenal artery was then ligated at its origin from the 
hepatie artery. 
Received for publication May 22, 1959. 
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Heparin (3 mg. per kilogram) was given intravenously and the previously 
exposed femoral artery was cannulated. Two small polyvinyl catheters were 
then placed proximally and distally in the hepatic artery and attached to a 
recording rotameter.‘* Another larger polyvinyl cannula was placed in the 
distal inferior vena cava through a stab wound just above the renal veins and 
held in place by means of a purse-string suture. Cannulation of the superior 
vena cava and the proximal or thoracic portion of the inferior vena cava was 
accomplished by large cannulae passed through the right atrium. In addition, 
a small thin-walled stainless steel cannula was placed proximally in the right 
pulmonary artery. 
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: Fig. 1.—Diagrammatic illustration of the cannulation of the dog and the extracorporeal 
circuit. HVR, hepatic venous reservoir; VR, venous reservoir; SVC, superior vena cava; 
IVC, inferior vene. cava; SG, Statham pressure transducer. For control studies venous blood 
bypassed the oxygenator but was pumped through the flowmeter into the pulmonary artery. 
For heart-lung bypass venous blood was oxygenated in the oxygenator and returned to the 


femoral artery. 











The extracorporeal cireuit was completed with a rotating dise oxygenator* 
with a single arm nonocculsive roller pump. Venous blood from the superior 
vena cava and distal inferior vena eava drained by gravity into a venous 
reservoir. Hepatic venous blood was drained from the thoracic inferior vena 
cava into a separate calibrated reservoir which in turn drained by gravity 
flow into the venous reservoir. Blood was collected during timed intervals in 
the hepatie venous reservoir for flow determinations. The temperature of the 
animals was maintained at normal levels by warming coils on the oxygenator. 
The pump-oxygenator was primed with blood obtained from donor dogs which 
had been lightly anesthetized with sodium Pentothal. The partial pressure 
of the oxygen in the blood at the arterial end of the oxygenator was monitored by 
a Clark oxygen electrode. Ninety-nine per cent oxygen and 1 per cent carbon 
dioxide were added to the oxygenator at a rate equal to systemic arterial flow. 
Aortic and portal venous pressures as well as the pressure in the proximal 
inferior vena cava into which the hepatic veins drained were measured by 
Statham pressure transducers and recorded on a multichannel direct-writing 
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oscillograph. The pressure in the isolated proximal inferior vena cava was 
maintained between 0 and 5 mm. Hg by raising or lowering the open end of the 
eannula draining this segment. 

When hepatie blood flow was determined during control periods, without 
complete cardiopulmonary bypass, venous blood did not enter the oxygenator 
but was pumped through the cannula of an electromagnetic flowmeter*? and a 
buffer bottle into the right main pulmonary artery. Thus, with exception of the 
relatively small coronary flow, the flowmeter measured cardiac output indirectly. 
When studies were made during complete bypass, blood from the venous reser- 
voir was diverted into the oxygenator and was then returned through the flow- 
meter to the femoral artery. A detailed schematic diagram of the experimental 
preparation is shown in Fig. 1. 

Each period of study was of 20 minutes’ duration and flows and pressures 
were recorded at 5-minute intervals. In 6 dogs during the fourth interval, 
when all parameters were stable, arterial, portal venous, and hepatic venous 
blood samples were drawn anaerobically for determination of oxygen content. 
These measurements were carried out by spectrophotometric or manometric 
techniques.'® 17 

Hepatie blood flow and oxygen consumption were first measured during a 
control period when the dog’s left ventricle was perfusing it at 2.8 + 0.1 L. per 
minute per square meter of body surface area. After this determination cardio- 
pulmonary bypass was initiated and similar studies were carried out at arterial 
flow rates varving between 2.8 + 0.1 and 1.0 + 0.1 L. per minute per square meter 
of body surface area. Body surface area was determined by use of a nomogram 
based on the animal’s weight.’ 

Portal venous flow was determined by relating hepatic venous flow and 
hepatie arterial flow (PVF = HVF-—- HAF). Hepatic oxygen consumption was 
caleulated by the equation: 


Hepatic O, consumption (ml./100 Gm. liver) = 
HAF x HAO, + PVF x PVO,—HVFxHVO, | 100 








Liver weight in grams 





HAF = hepatie arterial flow, milliliters per minute. 


HAO, = hepatic arterial oxygen content, volume per cent. 
HVF = hepatie venous flow, milliliters per minute. 

HVO, = hepatie venous oxygen content, volume per cent. 
PVF = portal venous flow, milliliters per minute. 

PVO, = portal venous oxygen content, volume per cent. 


RESULTS 
Total hepatic blood flow was determined in 12 dogs under the control condi- 
tions deseribed above and during total cardiopulmonary bypass at various 
systemic flows. In the control period at a flow of 2.8 + 0.1 L. per minute per 
square meter of body surface area, hepatie flow ranged between 19.7 and 57.5 
ml. per minute per kilogram and averaged 32.6 ml. per minute per kilogram 
(Fig. 2). In 7 animals the liver was weighed and total hepatic blood flow could 
also be expressed as milliliter per minute per 100 Gm. of liver. These values 
‘ranged between 77.5 and 165 and averaged 111.2 (Fig. 3). 
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The relationships of total hepatic flow to systemic flow during cardio- 
pulmonary bypass are shown in Figs. 2 and 3. At a systemic flow equal to that 
measured in the control period, hepatic flow was unaltered; the mean value was 
33.4 ml. per minute per kilogram or 120.7 ml. per minute per 100 Gm. of liver. 
Reduction in systemic flow to 2.2 + 0.1 L. per minute per square meter slightly 
reduced hepatic flow to an average of 29.4 ml. per minute per kilogram or 
109.2 ml. per 100 Gm. of liver. Further reductions in systemic flow were ac- 
companied. by proportionate decreases in total hepatic flow and at 1.0 + 0.1 L. 
per minute per square meter, this averaged only 12.9 ml. per minute per kilo- 
gram or 38.6 ml. per minute per 100 Gm. of liver. 
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Fig. 2.—The relationship between hepatic blood flow and body weight of the dog is shown 
at a normal cyntrolled cardiac output and at various systemic flows during cardiopulmonary 


bypass. Open circles = control flows; solid circles = flow during cardiopulmonary bypass ; 
— circles = mean control flow. The solid line is mean flow during cardiopulmonary 
yy pass. 


The relative contributions of the hepatic artery and portal vein to total 
liver flow are shown in Fig. 4. Hepatie arterial flow decreased only slightly 
when systemic flow was reduced. At systemic flows of 2.8 + 0.1 and 1.0 + 0.1 
L. per minute per square meter the hepatie arterial flows were 27.2 and 16.0 
ml. per minute per 100 Gm. of liver, respectively. Decreases in portal venous 
flow, on the other hand, accounted almost entirely for the reduction in total 
liver blood flow which followed reductions in systemic flow. 

The oxygen consumption of the liver was calculated from the formula 
presented (Table I). In the control period with the cardiae output 2.8 + 0.1 
lu. per minute per square meter oxygen consumption averaged 5.0 ml. per 100 
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Gm. of liver per minute. During cardiopulmonary bypass at a similar flow 
rate it was 5.8 ml. per 100 Gm. per minute. At a perfusion rate of 2.2 + 0.1 
L. per minute per square meter oxygen consumption was not significantly 
altered, but at lower flows it decreased markedly and was only 3.1 ml. per 100 
3m. of liver per minute at a systemic flow rate of 1.0 + 0.1 L. per minute per 
square meter. The average oxygen consumption at various systemic flows and 
the relative contributions of hepatie arterial and portal venous blood are shown 
in Fig. 5. 
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Fig. 3.—The relationship between hepatic blood flow and the animal’s liver weight is 
shown at a normal controlled cardiac output and at various systemic flows. Open circles = 


control flows; solid circles = flow during cardiopulmonary bypass; double circles = mean 
control flow. The solid line is mean flow during cardiopulmonary bypass. 


DISCUSSION 


In order to evaluate properly the measurements of hepatie blood flow and 
oxygen consumption obtained during cardiopulmonary bypass, these values were 
obtained with the left ventricle maintaining a normal systemie flow as well as 
when systemic perfusion with nonpulsatile flow was by the pump-oxygenator. 
A flow of 2.8 L. per minute per square meter was accepted as a normal cardiac 
output for a dog under general anesthesia.‘ The other flow rates between 
2.2 and 1.0 L. per minute per square meter were chosen since they represent 
those that are commonly employed clinically at various centers. Morphine, 
chloralose, and urethane were used for anesthesia since these agents are con- 


sidered to provide a more physiologie preparation. 
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The determinations of total hepatic blood flow obtained during a period of 
controlled but normal ecardiae output averaged 32.6 ml. per minute per kilo- 
gram. Although there have been several previous direct measurements of 
hepatic blood flow in the dog, most were carried out with some type of thermo- 
stromuhr, an instrument of questionable reliability.’ Blalock and Mason®* col- 
lected hepatic venous blood in unanesthetized dogs and the mean flow was found 
to be 28.6 ¢.c. per minute per kilogram. MacLeod and Pearce® determined a 
mean hepatie blood flow of 44 ¢.. per minute per kilogram when hepatic 
venous blood was collected in dogs anesthetized with ether. Selkurt'? measured 
hepatie venous flow in 14 dogs anesthetized with pentobarbital and the average 
flow was essentially identical to that observed in the present study. 
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Fig. 4.—The relationship between hepatic artery and portal vein contribution to total 
liver blood flow at a normal controlled cardiac output and at various systemic flows during 


complete cardiopulmonary bypass. 
: Fig. 5.—The relationship between mean hepatic artery and portal vein contribution to 
liver oxygen consumption at a normal controlled cardiac output and at various systemic flows 
during complete cardiopulmonary bypass. 


Hepatie blood flow during bypass at a perfusion rate of 2.8 + 0.1 L. per 
minute per square meter was essentially equal to that in the contre! period. 
When the arterial flow rate was reduced to 2.2 + 0.1 L. per minute per square 
meter hepatic blood flow decreased only slightly and proportionately less than 
when lower systemie flows were employed (Figs. 2 and 3). There was no cor- 
relation between this decrease in hepatic blood flow with the arterial blood 
In some animals aortie pressure remained constant as the systemic 


pressure. 
Hamrick and Myers® have clearly shown 


flow was reduced and in others it fell. 
a decrease in hepatic blood flow in dogs following bleeding. When the animals 
were subjected to a single hemorrhage amounting to 3.2 to 6.5 per cent of the 
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body weight, there was a good correlation between the amount of blood removed 
and the reduction in hepatie blood flow. No correlation was observed between 
the decline in arterial pressure and the decrease in hepatie blood flow. 

In this study liver blood flow was 26.5 per cent of the systemic flow when 
the latter was normal. This value is in agreement with that obtained by Blaloek 
and Levy? but slightly lower than that found by Werner and colleagues'® who 
used an indirect method employing Bromsulphalein. During cardiopulmonary 
bypass, at various flow rates, there was little variation in this relationship. 

Hepatie artery flow remained relatively constant at various systemic flow 
‘ates and most of the changes observed in hepatic venous flow were attributabie 
to changes in portal flow (Fig. 4+). The hepatic artery thus contributed 20.4 
per cent of the total liver flow at a systemic flow of 2.8 + 0.1 L. per minute 
per square meter but accounted for 41.5 per cent at an arterial flow of 1.0 + 
0.1 L. per minute per square meter. Hepatic artery flow was not significantly 
different when the left ventricle was maintaining a normal output or when the 
pump was delivering a similar flow. The measurement of hepatic artery flow may 
not include all arterial flow to the liver but the contribution of additional small 
arterial branches is apparently of no real significance.‘ 

The oxygen consumption of the liver at a normal cardiae output averaged 
5.0 ml. per 100 Gm. of liver. This was slightly higher than determined by 
Blalock and Mason* in unanesthetized dogs when a value of 4.2 ml. per 100 Gm. 
of liver per minute was obtained by measurement of the portal venous flow 
and hepatie artery flow by occlusion of the latter for a timed interval. During 
cardiopulmonary bypass at a flow of 2.8 + 0.1 L. per minute per square meter, 
oxygen consumption of the liver was not significantly different (Fig. 5). At 
a fluw rate of 2.2 + 0.1 L. per minute per square meter the oxygen consumption 
still was well within the range of normal, and it was only after further redue- 
tion of the systemic flow that oxygen consumption fell. Of interest is the fact 
that the oxygen delivered by the hepatie artery to the liver parenchyma re- 
mained in general fairly constant but its proportional contribution rose from 
a value of 29.1 per cent at 2.8 + 0.1 L. per minute per square meter to 63.4 
per cent at a flow of 1.0 + 0.1 L. per minute per square meter. Oxygen ex- 
traction from the portal blood decreases as portal flow decreases, as previously 
shown by MeMichael.’® This is due to decreasing difference in oxygen content 
between the portal vein and hepatic vein. However, the arteriovenous oxygen 
difference between hepatic arterial and venous blood inereases, allowing for 
better oxygen extraction. 

The splanchnic oxygen consumption with the heart pumping had a mean 
value of 6.7 ml. per minute per 100 Gm. of liver. Werner and associates'’ 
found it to be 7.9 ml. per minute per 100 Gm. of liver while Hamrick and 
Myers® and Blalock and Mason* determined a mean oxygen consumption of 
4.5 ml. per minute per 100 Gm. of liver. The splanchnic oxygen consumption 
during cardiopulmonary bypass rose to 8 ml. prr minute per 100 Gm. of liver 
and remained at this level until the systemic flow was below 2.2 + 0.1 L. per 
minute per square meter. This is in agreement with Werner and co-workers 
who found that a blood loss of 1 per cent of body weight did not influence 
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splanchnic oxygen consumption. Hamrick and Myers showed no significant 
reduction in splanchnic oxygen consumption after a blood loss of 6.5 per cent 
of body weight of the dog. Only if further and sustained shock was induced 
did a reduction in splanchnic oxygen consumption oceur. 

Splanchnie oxygen consumption in this study did not markedly change 
until a systemic flow of 1.4 + 0.1 L. per minute per square meter was reached, 
but hepatic oxygen consumption at this flow was greatly reduced. At 1.8 + 0.1 
L. per minute per square meter the splanehnie oxygen consumption was reduced 
by 13.0 per cent, but the liver oxygen consumption had been reduced by 28.0 
per cent. This indicates that the liver is more vulnerable to reduced flows than 
the studies on splanehnic oxygen consumption done by Hamrick and Myers 
would indicate. 

SUMMARY 


The various components of hepatic blood flow were measured in norma! 
dogs during cardiopulmonary bypass at systemic flows ranging from 2.8 to 1.0 
I. per minute per square meter. Total hepatic flow was reduced at perfusion 
rates less than 2.2 L. per minute per square meter as was the oxygen con- 
sumption of the liver. Hepatie artery flow remained relatively constant at all 
perfusion rates and the decreases in total flow and oxygenation were attributable 
to reduced portal venous flow. It is coneluded that a normal blood flow to the 
liver and normal oxygenation of its parenchyma ean be maintained during 
cardiopulmonary bypass at a flow of 2.2 L. per minute per square meter. 
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HEMODYNAMICS AND METABOLISM OF INDIVIDUAL ORGANS 
DURING EXTRACORPOREAL CIRCULATION 
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OscaR CREECH, JR., M.D., New ORLEANS, La. 


(From the Department of Surgery, Tulane University School of Medicine) 


HE increasing role of extracorporeal circulation in surgery has necessitated 

more detailed analysis of its effects upon individual organs to facilitate the 
interpretation of certain complications. A variety of factors has been mentioned 
in the etiology of these disorders, including hypoxia, abnormally elevated blood 
oxygen tension, and emboli of bubbles, fibrin, or silicone.’ * * % * * 1°!) 7% 
The lack of data on blood flow distribution and metabolism in various regions 
of the body has hampered complete evaluation of such sequelae, and the present 
studies were undertaken to investigate the effects of extracorporeal circulation 
on blood flow, vascular resistance, and oxygen consumption in the brain, kidney, 
intestine, and extremity. 


MATERIALS AND METHODS 


Studies on 58 mongrel dogs, weighing from 9 to 15 Kg., form the basis of 
this report. All animals were anesthetized with Nembutal (30 mg. per kilogram 
administered intravenously) and were operated upon under sterile technique. 
Extracorporeal circulation was performed with a Sigmamotor pump and bubble 
oxygenator, using 100 per cent oxygen, for periods ranging from 15 to 45 
minutes. Cannulation was performed in standard manner. Femoral arterial 
blood pressure was monitored continuously with a strain gauge. Venous and 
spinal fluid pressures were measured with capillary monometers, and oxygen 
contents of arterial and venous blood were obtained by the technique of 
Scholander and Roughton.'® 

The preparations for the study of flow through the brain, kidney, intestine, 
and extremity have been reported previously in detail. * 1° Cerebral flow was 
measured by shunting the arterial blood flow to the brain through a constantly 
recording magnetic rotameter. Renal, intestinal, and extremity flows were 
measured intermittently, by utilizing the venous outflow technique, whereby the 
venous flow from the renal, superior mesenteric, or femoral veins was returned 
through a plastic Y tube, permitting intermittent sampling from the sidearm 
(Fig. 1). 

Two determinations were generally recorded for each of 4 periods: (1) 
initial control, (2) high flow perfusion (in excess of 50 ¢.c. per kilogram per 
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minute), (3) low flow perfusion (less than 50 ¢.c. per kilogram per minute), 
and (4) final control. Pressure recordings, flow determinations, and simul- 
taneous oxygen samples for these periods were analyzed for this report. 

Blood flow was converted to eubie centimeters per 100 Gm. of wet tissue 
per minute. The intestinal calculations were based on the weight of the intes- 
tinal tube in the superior mesenteric distribution, and the extremity calculations 
on the weight of the leg, including bone, below the femoral catheter. Vascular 
resistance was calculated as the dividend of mean arterial pressure (millimeters 
of mereury) and flow (cubic centimeters per 100 Gm. per minute). Oxygen con- 
sumption was derived as the product of arteriovenous oxygen difference 
(volume-per cent) and flow (cubic centimeters per 100 Gm. per minute). 
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_ . Fig. 1—Diagrams_of the methods used for the measurement of blood flow through 
individual organs. A, Cerebral flow was monitored with a magnetic rotameter. Blood was 
shunted from the common carotid arteries, through the rotameter, and returned to the internal 
carotid and vertebral arteries. B, C, and D, Renal, mesenteric, and femoral flows were meas- 
ured by intermittently sampling the venous return from the sidearm of the Y tubes, after 
completion of the cannulations. 


Temperature was maintained with circulating water blankets or electric 
heating pads and was monitored with a telethermometer. In the cerebral 
preparation a thermistor probe was inserted into the rectus abdominus muscle. 
In the experiments involving renal, mesenteric, and femoral flow, temperatures 
were recorded with probes inserted directly into the respective organs. 
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RESULTS 

Blood Flow (Fig. 2).—Cerebra] flow in 18 animals was found to be directly 
proportional to the mean systemic blood pressure both with and without extra- 
corporeal circulation. This exact relationship was maintained at all levels, and 
very small alterations of pressure were immediately reflected in a corresponding 
alteration of flow as recorded by the rotameter. Cerebral flow changed Little 
during extracorporeal circulation, except in the low flow perfusion group in 
which the mean systemie pressure was also reduced. 
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Fig. 2.—The effect of extracorporeal circulation on blood flow through individual organs. 
Cerebral flow remained relatively constant, renal flow decreased, and intestinal and extremity 
flows increased. 
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Fig. 3.—The effect of extracorporeal circulation on vascular resistance in individual 
i tees eee changed little, renal resistance increased, intestinal and 

Renal, mesenteric, and femoral blood flow, in 9 animals each, exhibited a 
much wider and less predictable pattern in relation to the blood pressure. 
Mean renal flow during perfusion, moreover, decreased from control values 
without corresponding pressure reduction. Mean mesenteric and femoral flow 
rates during extracorporeal circulation showed an increase over previous con- 
trol values. 

Extracorporeal cireulation values for cerebral flow, renal flow, and femora! 
flow tended to persist into the final control period, but those for mesenteric 
flow reverted to the initial control value. 
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Vascular Resistance (Fig. 3)—\Cerebral vascular resistance showed little 
change, although a slight mean increase of 13 per cent oceurred during extra- 
corporeal circulation and persisted into the final control period. Renal resistance 
showed a mean increase of 31 and 55 per cent, respectively, for high flow and 
low flow perfusion, respectively. Mesenteric resistance decreased to 71 per cent 
of control values during perfusion, and extremity resistance dropped to 57 per 
cent of controls. The values of resistance in each ease tended to persist into the 
final control periods. 

Oxygen Consumption (Fig. 4).—Cerebral oxygen consumption during 
extracorporeal circulation dropped to 55 per cent of control values for both 
high and low flow groups, and this decrease persisted into the final control 
period. Renal and extremity oxygen consumption increased somewhat during 
extracorporeal circulation. Intestinal oxygen consumption decreased during 
perfusion. The decreases in oxygen consumption observed in the brain and 
intestine occurred without corresponding changes in blood flow and resulted 
from a narrowed arteriovenous oxygen difference, due to inereased venous 
oxygen content. Renal oxygen consumption increased slightly as a result of a 
widened arteriovenous difference, although flow dropped markedly. Extremity 
oxygen consumption remained approximately the same during extracorporeal 
circulation in spite of the marked increase in flow. 
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Fig. 4.—The effect of extracorporeal circulation on oxygen consumption in individual 
organs. Cerebral and intestinal oxygen consumption decreased, renal consumption increased 
slightly, and extremity consumption remained constant. 

Venous and Spinal Fluid Pressure.—Central venous pressures monitored in 
the inferior and superior venae cavae in 10 animals showed only slight changes 
during extracorporeal circulation, except for several animals with malfunetion- 
ing venous outflow catheters which exhibited marked increases in superior vena 
caval pressure. Venous pressures of the mesentery and extremity showed a 
slight increase during extracorporeal circulation and the venous pressure of the 
kidney remained unchanged. 

Spinal fluid pressure was closely correlated with superior vena caval pres- 
sure, and also showed marked elevation in the animals with inadequate venous 
outflow during perfusion. 
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Response to Vasopressor (Fig. 5).—In four experiments of each group a 
vasopressor substance (l-norepinephrine) was administered. This resulted in 
a marked inerease in mean blood pressure in all experiments. Cerebral blood 
flow inereased very strikingly in linear fashion with this increase in systemic 
blood pressure; an average increase of 250 per cent was observed. Mesenteric, 
renal, and extremity blood flow all decreased markedly; the maximum decrease 
in flow was observed in the extremity. In terms of vascular resistance it was 
noted that, while cerebral vascular resistance remained approximately the same, 
renal vascular resistance increased 565 per cent, mesenteric vascular resistance 
increased 660 per cent, and the vascular resistance of the extremity in these 
experiments increased to infinity as a result of the complete cessation of venous 
return. 

DISCUSSION 

Hemodynamic evaluation of organs involves consideration of the inter- 
relationship of pressure, flow, and vascular resistance. Total body values for 
these variables and for oxygen consumption represent the net result of in- 
dividual changes in different vascular beds and organs. 
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Fig. 5.—The effect of l-norepinephrine on organ blood flow during extracorporeal cir- 
culation. Cerebral flow increased markedly, and corresponding decreases in flow were ob- 
served in the other regions studied. 

Cerebral blood flow was essentially dependent on the arterial blood pres- 
sure, due to the relatively passive role of cerebral vascular resistance under most 
conditions. This relationship has been recognized previously and its application 
to extracorporeal circulation was suspected prior to confirmation by direct 
measurement. 

The greater role of resistance in determining flow through other vascular 
beds is evident from the less predictable flow rates through kidney, intestine, 
and extremity, both with and without extracorporeal circulation. Furthermore, 
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an individual response of vascular beds to perfusion was demonstrated, since 
cerebral resistance remained almost unchanged, renal resistance increased 
significantly, and mesenteric and extremity resistance decreased. 

The unreliability of perfusion rates as indicators of organ flow was also 
evident from these data, since pressure was the primary determinant of cerebral 
flow, whereas resistance played an important role in determining flow in other 
organs. 

Oxygen consumption data also demonstrated individual organ variability, 
with no uniform relationship to pressure, flow, or vascular resistance. Cerebral 
and intestinal oxygen consumption during perfusion decreased from previous 
control values, although cerebral flow showed only slight variation and 
mesenteric flow actually increased. Renal oxygen consumption increased 
slightly in spite of decreased flow, and extremity oxygen consumption remained 
constant with inereased flow. The decreased cerebral and intestinal oxygen 
consumption resulted from increased venous oxygen content and could not be 
correlated with changes in temperature or pH. 

The pathogenicity of this altered cerebral metabolism has not been defined, 
and the nature of our preparation precluded survival experiments. No correla- 
tion was observed among decreased cerebral oxygen consumption, abnormal 
lactie or pyruvie acid metabolism, or inereased brain volume. Nevertheless, the 
low values of cerebral’ and total oxygen consumption® * * ® 1° 1° observed with 
lower flow rates support the desirability for perfusion rates more nearly ap- 
proaching normal cardiae output. 

Striking increases in cerebral blood flow during perfusion were shown to 
follow the administration of |-norepinephrine. Since adequate cerebral flow is 
of paramount importance, it is apparent that judicious utilization of pressor 
agents may be helpful during or following cardiopulmonary bypass procedures. 
However, it should be noted that such inereased cerebral flow was obtained at 
the expense of flow through other body regions, where marked increases in 
vascular resistance were found. One must therefore conclude that vasopressors, 
specifically l-norepinephrine, should be employed cautiously in extracorporeal 
circulation, and that careful correction of blood volume deficits should precede 
their introduction. 


SUMMARY 


1. Cerebral blood flow during extracorporeal cireulation was essentially 
dependent on the systemic blood pressure, because of the passive role of cerebral 


vascular resistance. 

2. Renal, intestinal, and extremity blood flow were not closely correlated 
with systemic pressure because of the greater role of vascular resistance. 

3. The resistance in individual vascular beds was found to differ in re- 
sponse to perfusion. Cerebral resistance remained approximately unchanged, 
renal resistance increased, and intestinal and extremity resistance decreased. 
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4. Individual organ variability in oxygen consumption during perfusion 
was demonstrated. Cerebral and intestinal oxygen consumption decreased, 
renal oxygen consumption increased, and extremity oxygen consumption re- 
mained unchanged. 

5. A vasopressor agent (l-norepinephrine) administered during extra- 
corporeal ‘circulation produced striking increase in cerebral flow, with cor- 
respondingly decreased flow through kidney, intestine, and extremity. 

6. No change in cerebral resistance was produced by |-norepinephrine but 
great increases occurred in renal, intestinal, and extremity vascular resistance. 


We are indebted to Mr. White H. Gibson and Mr. Patrick Hanley III, Tulane Uni- 
versity School of Medicine, and to Dr. William H. Letson, Department of Surgery, Tulane 
University School of Medicine, for participation in a number of experiments included in this 


report. 
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THE SUDOMOTOR TEST 


RoBert L. Cross, M.D., Max E. Dopps, M.D., anp Epwin M. Knieuts, Jr., M.D., 
FLINT, MIcH. 


(From the Departments of Pathology and Surgery, Hurley Hospital) 


HE sudomotor test is a chloride excretion test devised to outline areas of 

decreased perspiration in the cutaneous distribution of lacerated or injured 
nerves. It is an adaptation of a filter-paper screening test for cystic fibrosis of 
the pancreas developed in the Department of Pathology of Hurley Hospital.’ 
Filter paper impregnated with silver chromate is moistened with chloride-free 
water and the chloride contained in sweat provides a handprint. 


PRINCIPLE 


Many subjective tests have been used to evaluate nerve regeneration. Func- 
tion of a hand cannot be evaluated completely by such tests as the pinprick, 
2-point discrimination, cotton wool, and coin tests. All of these tests are help- 
ful, but they are time consuming, difficult to perform accurately, and are some- 
times misleading if the patient is disturbed by his injury. Recently a somewhat 
more lengthy nerve injury test has been deseribed by Moberg.* This test makes 
use of the ninhydrin reaction with amino acids in perspiration; test papers must 
be heated for 5 to 10 minutes at 100° to 120° C. to develop the test pattern. 
The sudomotor test described here requires only a few minutes for its comple- 
tion, is completely objective, and supplies instantaneous results for a lasting 
record. 

Perspiration results from stimulation of sweat glands by sympathetic fibers 
earried in peripheral nerves.° It is upon this principle that the sudomotor test 
is based. Many investigators have carried out exhaustive studies to establish 
innervation of the sweat glands. Goltz, in 1875, first found that stimulation 
of the distal end of the divided sciatic nerve in a young kitten produced sweat 
in the foot pad. Langley concluded that the sudorifie fibers of sweat glands 
in the eat are strictly sympathetic.*\> The sympathetic supply for the hand 
arises from the first to the tenth thoracic roots and many surgeons and investi- 
gators operating upon human beings have shown that sympathetic denervation 
of the hand depends largely upon removal of the stellate and particularly the 
second thoracic ganglion through which these fibers pass. Only in the face are 
both sympathetic and parasympathetic sweat gland innervations found.*? Sympa- 
thetic fibers travel via the anterior spinal roots to peripheral nerves.* 

The chemical reaction of the sudomotor test is simple. Chloride is con- 
stantly excreted as insensible perspiration from the palms of the hands and 
soles of the feet. The amount of sweating is slightly increased by thermal stim- 
uli but is more readily affected by emotions.® 
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The impregnated filter papers are similar to those described gor the screen- 
ing test for eystie fibrosis of the pancreas? except that the papers are larger 
and the chemical concentrations have been altered in order to provide a some- 
what more sensitive reaction. The silver chromate reacts with the chloride in 
sweat to form a white precipitate, silver chloride. This is the indicator seen 
on the test papers as white handprints, with minute white specks in areas of 
perspiration and normal innervation. Regions with deranged sympathetic sup- 
ply appear as clear areas or are lighter when contrasted with control prints 
from the other hand. 

METHOD 

Preparation of the test papers is not difficult. Fine grain No. 50 Whatman, 
24 em. in diameter, filter paper of high wet strength is dipped into 0.1 N 
silver nitrate, dried completely, then immersed in 0.2 N potassium chromate 
solution. These papers are then dried and are stored in the dark. Care should 
be taken that they do not contact substances containing chloride. Just prior to 
use they are moistened with chloride-free water; it is not necessary that the 
water is distilled. . 

Other test equipment which has proved of value includes two thumb for- 
ceps, a large shallow pan containing clean blotting paper, and a eylinder cov- 
ered with foam rubber and Saran Wrap. The latter can be constructed from 
an adhesive tape carton. The steps in testing a patient are as follows: 

1. The subject’s hands should be washed 15 minutes prior to making the 
handprints. 

2. Chloride-free water is poured onto the blotter in the shallow pan. The 
test paper is next placed in the pan and allowed to saturate evenly. An or- 
dinary paint roller is useful for speeding saturation and smoothing the paper 
if any number of tests are to be performed. 

3. The filter paper is then picked up with the forceps and placed on the 
testing cylinder. The curved surface afforded by the cylinder greatly facilitates 
taking prints from clawhands and uneven surfaces. A smaller cylinder may 
be construeted for use with children. 

4. The subject’s hand is pressed against the filter paper with the fingers 
held in a gripping fashion and the thumb lying along the opposite surface of 
the cylinder. Three to four seconds of contact is adequate, as all available 
chloride is rapidly precipitated. A contro] print should be made of the un- 
injured hand. 

5. Papers are permitted to dry on a flat surface in the dark. They should 
be dated and labeled with a wax crayon on the back. A yellow erayon is also 
useful for outlining the handprints, particularly if there are extensive areas 
of denervation. Dried papers may be stored in a folder or envelope. Exten- 
sive exposure to light will cause the prints to turn black. If it is possible that 
the results may be needed later for medicolegal purposes, it is advisable to 


photograph the prints. 
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RESULTS 

Various types of nerve injuries, both recent and old, have been tested 
in 21 individuals who varied in age from 3 to 60 years. Most of these patients 
were followed by private physicians who supplied much helpful material in this 
study; more detailed follow-up of some of these cases is planned for publica- 
tion at a later date. All individuals were examined for function and sensation 
as well as trophic skin changes. The latter were characteristically seen follow- 
ing prolonged loss of perspiration. Drawings were made of the hands of many 
eases of nerve injury; prints were then made of both the injured and normal 
hands. The patients studied ean be illustrated by three typical cases: 


Brachial Plexus Injury.—The patient was a 17-year-old girl who had in- 
jured the left brachial plexus in an automobile accident 1 year previous to 
testing. Surgical exploration revealed an evulsion of nerve roots C,, C;, and Cs. 
Physical findings consisted of a complete absence of sensation of the arm, fore- 
arm, and hand, with marked wasting of all muscles and complete loss of fune- 
tion. Fig. 1 indicates the lack of perspiration in the paralyzed extremity as 
eompared with the normal hand. 





Fig. 1.—Brachial plexus injury. Injured hand on left; control on right. 





Median Nerve Injury.—A 10-year-old schoolgirl had suffered a laceration 
of the distal end of the median nerve in the left palm 1 month previously. The 
distal branches to one-half of the thumb, index finger, and one-half of the mid- 
dle finger on its lateral side were involved. Anesthesia was found in these 
areas and on the thenar eminence and radial side of the palm. Arrest of per- 
spiration accurately follows the pattern of the lacerated nerve (Fig. 2). This 
child exhibited a wrist drop when first seen, with associated diffuse atrophy of 
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the muscles of the forearm. Evidence of an intact radial nerve can be seen from 
the perspiration on the lateral half of the thumb. The physician’s assumption 
that the wrist drop was probably on a psychoneurotie basis was thus confirmed 
and he has been able to restore the child’s use of her forearm and wrist. 





Fig. 2.—Median nerve injury. Injured hand on left; control on right. 





Fig. 3.—Ulnar nerve injury. Injured hand on left; control on right. 


Ulnar Nerve Injury.—A 32-year-old fireman was first tested 6 days after 
a laceration of the ulnar nerve in the left wrist. Because of a plaster mold, 
only the fingers could be tested at this time. Anesthesia was present in the 
ulnar innervation and decreased perspiration was seen, as indicated by lighter 
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prints on one-half of the ring finger and all of the fifth finger. At 6 weeks, 
slight clawing had developed, with interosseous and hypothenar wasting. A 
repeat print (Fig. 3) showed no sweating in the ulnar nerve distribution. Sub- 
sequently the patient was re-explored and inadequate approximation of the 
nerve ends was found. The re-anastomosis was performed and the patient is 
being followed at the present time. 

From the cases observed, it has been found that the area of absent sweat- 
ing closely matches that of anesthesia and functional loss. Tests done on pa- 
tients shortly after injury suggest that this phenomenon occurs promptly. 
Patchy areas of hyperhidrosis have been found along the borders of recovery. 
Retesting of patients at 2- to 4-week intervals has generally been sufficient to 
follow the progress of their recovery. 


SUMMARY 


A chloride precipitation sereening test for eystie fibrosis of the pancreas 
has been modified for evaluation and clinical follow-up of peripheral nerve in- 
juries. It is based on the absence of perspiration from sweat glands in the dis- 
tribution of lacerated peripheral nerves. Regenerating nerves show a concom- 
itant reeovery of the sweat pattern in the areas of their distribution. This 
sudomotor test is therefore a valuable prognostic procedure. It should prove 
useful in detecting psychoneuroties and malingerers and may aid the surgeon 
in avoiding malpractice suits. The test is of particular value in preoperative 
evaluation of nerve injuries which require difficult decisions for reoperation and 
resuturing. 


This research was supported in part by a grant from the Ames Co., Elkhart, Indiana. 
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FETUSES 


IMPLICATIONS IN NEONATAL RESUSCITATION 
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Ingelman-Sundberg|, Karolinska Institutet) 






N PERFUSION experiments in which previable premature human fetuses 
have been used, it has been noted on numerous oceasions that an injeetion of 
oxygenated blood via an umbilical artery has revived a failing heart after a 
similar injection via the umbilical vein had been without benefit. Intravenous 
transfusions were effective as long as cardiac contractions were of sufficient 
vigor to maintain blood pressure but were disappointingly ineffective after 
blood pressures had fallen to low levels. Recently an intra-arterial transfusion 
of 150 ml. of oxygenated blood successfully restarted the heart of a cooled, 
asphyxiated newborn infant which stopped after 76 minutes of apnea.'**° 
That intra-arterial transfusions can revive hearts when transfusions by the usual 
route are no longer of benefit is of importance, and requires an explanation for 
its comprehension. In this report the rationale for the use of intra-arterial 
transfusions is discussed briefly. Then in the data section are presented the 
results of injections of radiopaque substances in stillborn fetuses via the 












intravenous and intra-arterial routes. 


















FOR THE FAILING HEART 





RATIONALE FOR INTRA-ARTERIAL TRANSFUSIONS 





In the first place it must be emphasized that no blood introduced into the 
circulatory system via the usual intravenous route can reach the coronary 
arteries until after it has made a complete circuit of the pulmonary system, 
passed through the left atrium and been pumped into the ascending aorta by the 
left ventricle. In addition, adequate coronary circulation can occur only when the 
left ventricle is pumping against a considerable head of pressure. The 
heart at first lacks adequate contractile power to 












myoeardium of the failing 
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maintain this pressure and then, as conditions deteriorate further, becomes 
incapable of moving the blood at all, even though feeble contractions may con- 
tinue for a period. Intravenous transfusions at this stage would hardly be 
expected to influence the outcome favorably. 

In addition, as illustrated in Fig. 1, increasing venous return to a flabby, 
failing heart may actually accelerate the rate of deterioration. Blood delivered 
to such a heart by either the superior or inferior vena cava will cause distention 
of first the right atrium and then, passing through the right atrioventricular 
valve, the right ventricle. Because of the inelastic nature of the pericardium 
this distention will produce compression of the myocardium and particularly 
of the veins which drain it. (The coronary arteries would not be expected to be 
affected because of their thick elastic walls.) The anterior cardiae veins drain- 
ing the right atrium, the small cardiae vein draining the right ventricle, and 
the coronary sinus would all be compressed. In addition, their smaller tribu- 
taries might be completely occluded. It is probable also that both the great 
eardiae vein and the middle cardiae vein would be constricted and many of their 
smaller tributaries completely closed. These mechanical factors are probably 
responsible for the improvement in heart action noted by Bigelow and associates? 
and others in hypothermie dogs when intravenous pressures are reduced by 
venous bleeding. 
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INJECTION VIA VENOUS CHANNELS 


Fig. 1.—Results of intravenous transfusion into a flabby atonic heart. Injected blood 
dilates right atrium and right ventricle, filling pericardial cavity, reduces coronary flow by 
compressing all coronary vessels, particularly the veins. 

The net result, therefore, of increasing the venous return to the failing 
heart would be to reduce coronary flow by constricting the veins and thereby 
increase the severity of the oxygen lack of the myocardium without in any way 
combatting the stasis in the coronary arteries. 

Fig. 2 illustrates the result when a retrograde injection is made into a 
branch of the systemic aorta. The aortie ee their competence even 
after death as may be demonstrated in fresh unem almed human or beef hearts. 
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Since the walls of the arteries are sufficiently strong to resist distention and 
there are no organs such as the liver which can accommodate large additional 
quantities of blood, very little volume is needed to cause the movement of blood 
through the vital vascular beds such as those supplying the heart and brain. In 
our experiments with unembalmed stillborn fetuses it was found that as little as 
2 ml. of radiopaque solution injected into an umbilical artery reached the 
aortic valves, whereas it required more than 60 ml. injected into the umbilical 
vein to reach the right side of the heart. 

If the transfusion is accompanied by pulsations in pressure of the same 
order of magnitude as occur under nermal ecardiae contractions, normal filling 
of the coronary arteries may be expected. In Fig. 2 is illustrated the dilation of 
the aortic bulb and of the left and right coronary arteries that would take place 
during such a pressure pulse. As the oxygenated blood reaches the myocardium 
more vigorous contractions are possible. With the improvement in pumping 
efficiency of the left ventricle coronary flow improves with each contraction and, 
provided there has been no permanent damage, further assistance may be 
unnecessary. Retrograde injection of blood will actually increase the effective- 
ness of the first few pumping contractions by elevating the pressure and thus 
foreing a larger proportion of the stroke volume into the coronaries. 
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Fig. 2.—Results of intra-arterial transfusion into a flabby atonic heart. Injection enters left 
and right coronary arteries, provides fresh blood for myocardium. 

This picture is somewhat more complex in the premature and neonatal 
infant because of the vaseular bypass through foramen ovale and ductus 
arteriosus. The extent to which these shunts alter the course of injected fluids 
ean be seen in the x-rays which follow. 

This deductive analysis provided a rationale for the observed results on 
perfused premature fetuses. It also suggested some methods of testing the 
hypothesized mechanism. It did not, however, prepare us for the findings when 
unembalmed stillborn fetuses were transfused with radiopaque solutions through 
an umbilical vein. 
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INJECTIONS OF UNEMBALMED STILLBORN I'"ETUSES WITH RADIOPAQUE SOLUTIONS 


Unembalmed stillborn fetuses were injected with radiopaque substances and 
the paths of the injected materials were recorded by x-ray. Since hydrodynam- 
ically a flabby atonie heart differs but slightly from one that has stopped 
completely, these records were used as an indication of the course of injected 
blood in a living though moribund newborn infant. 

The first 5 infants were injected with water-soluble solutions. The radio- 
graphs of these infants which were taken during the later part of the injection 
period became progressively beclouded by the contrast medium which diffused 
through the walls of the smaller vessels. For subsequent injections oil-soluble 
contrast media were used. A more detailed analysis of the findings will be 
presented elsewhere; however, for this report two typical cases, one injected via 
the umbilical vein and the other via the right umbilical artery, are described 
and illustrated. Twenty 11 by 14 inch radiographs were taken of each baby 
after transfusion with a 50 per cent solution of n-propyl ester of 3:5 duodo-4- 
pyridone-N-acetie acid in peanut oil (Dionosil Oily). The pictures were taken 
after the following quantities were injected through an indwelling catheter: 
0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, and 50 ml. 

In general it may be said that the first 10 ml. of contrast medium introduced 
through the umbilical vein was largely contained within the liver and the portal 
system. At 10 ml. the inferior vena cava began to fill in a cephalocaudal direc- 
tion, but even after 40 ml. none of the contrast medium had reached the aortic 
valves. On the other hand, rapid filling of the aorta and all its main branches 
occurred when the site of introduction was the umbilical artery. The right and 
left coronary arteries were visualized after only 4 ml. and the circle of Willis 
after only 7 ml. It appeared that the thick elastic walls of the arteries pre- 
vented the flooding of a single organ or group of organs during the injection 
such as occurred in the case of the intravenous injection. 

The results of the injection of 2 and 4 ml. of the contrast medium are shown 
in Figs. 3 and 4, respectively. The baby with the intravenous injection is on 
the left, the one with the intra-arterial on the right. In Fig. 3, A the Dionosil 
is seen in the larger advehent hepatie veins and passing upward through the 
diaphragm toward the heart. Fig. 3, B was taken after the same volume had 
been injected intra-arterially. The contrast medium fills the entire aorta and 
has passed into the common iliacs, the subclavians, ductus arteriosus, and the 
proximal portions of the pulmonary arteries and left common carotid. Fig. 
4, A shows further arborization of the hepatic veins, and the proximal part 
of the portal vein with the superior mesenteric and lienal veins recognizable. 
Above the diaphragm filling of the right atrium has started. Fig. 4, B presents 
a striking contrast. In it are seen all the major arteries as far as foramen 
magnum. Among the arteries which ean be recognized in this picture are the 
external and internal carotids, vertebrals, internal mammaries, renals, superior 
mesenterie and arteries supplying the appendages, the brachial, and femoral. 
In addition, it will be noted that there has been reflux filling of the left ventricle 
through aortic valves which proved incompetent in this specimen. The most 
significant arteries from the point of view of this study, however, are the right 
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Number 6 


and left coronaries indicated on the illustration by arrows. This very early 
filling of the coronary arterics appears to be the explanation for the efficacy 
of intra-arterial transfusions for the flagging or moribund heart which had been 
noted earlier.*® 7° 

Fig. 5, A illustrates the result of injecting 6 ml. of contrast through the 
umbilical vein. Further filling of the hepatic and portal system may be seen, 
and the inferior vena cava is beginning.to appear. The corresponding film of the 
intra-arterial series, Fig. 5, B, shows further elaboration of all the arterial sys- 
tems, and especially of these in the head. In the heart region the injection 
mass has reached the right atrium. The beginning of reflux filling of the 
inferior vena cava is foreezst by the swelling at the caudal part of the atrial 
shadow. 

The radiographs in Fig. 6 were taken after 10 ml. had been injected. In 
Fig. 6, A it is seen that although there is further filling of the inferior vena 
7 eava most of the injection mass is still limited to the hepatie and portal systems. 
| In the heart passage through foramen ovale with consequent filling of the left 

atrium has begun. The greatest change between Fig. 5, B and 6, B is the filling 
of the inferior vena cava as far as L; and the beginning of filling of the portal 
vein. However, in the leg the anterior tibial, posterior tibial, and peroneal 
arteries are now visible and the arterial supply of the brain and brain stem 
is becoming increasingly clear. 

The radiographs shown in Fig. 7 were made after 20 ml. of contrast medium 
had been injected. In 7, A is seen an inerease in the complexity of the venous 
pattern in the upper abdomen, but most of the additional contrast medium has 
entered the heart and the superior vena eava. On the right side the internal jug- 
ular vein and transverse sinus is filled. On the left the innominate and the begin- 
ning of the vertebral vein has filled. Fig. 7, B on the other hand shows further 
elaboration of both the arterial and the venous pattern as compared with Fig. 
6, B. Most of the 10 ml. which was injected after Fig. 6, B was taken has 
entered venous channe!s. Tilling of the inferior vena cava is complete and the 
iliae veins are partially filled. In the upper abdomen the umbilical vein, ductus 
venosus, and main branches of the portal system can be recognized. In the 
thorax the superior vena cava has filled and the innominates are beginning 
to fill. Further filling of arteries is to be noted particularly in the head with 
filling of the intracranial vessels being especially obvious. Further elaboration 
of the vascular patterns of the extremities permits the recognition of most of 
the named branches. However, the most interesting new development at this 
stage is the appearance of the contrast medium in the marrow cavities of the 
femurs, tibias, and the left humerus. 
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Fifteen milliliters were injected between Figs. 7 and 8. As illustrated in 
Fig. 8, A there was still further fill'ng of the hepatic and portal venous channels, 
inferior vena cava, heart, and structures draining into the superior vena cava. 
Within the calvarium the right cavernous and transverse sinuses are filled and 
the injection mass has reached the superior sagittal sinus and left transverse 
sinus. On the left there has been further filling of the vertebral vein and in- 
ternal vertebral plexus. 


the venous channe 


Ubiettatives ws SEM 














1148 PEDIATRIC SURGERY Surgery 
December, 1959 

Fig. 8, B shows that after an intra-arterial injection totaling 35 ml. the 
arterial pattern for the entire body was virtually complete. In addition, the 
major venous channels were partly filled. As was noted when the venous route 
was employed, the liver and portal system accommodate considerable quantities 
of fluid. However, in the case of the liver, the pattern of filling differs with 
the two injection procedures. In Fig. 8, B, because the filling is chiefly from 
above, the revehent vessels—the left and right hepatic veins—fill first and are 
the most prominent, whereas in Fig. 8, A the advehent vessels are equally large 
and well arborized. Superiorly filling of the venous channels of Fig. 8, B 
resembles rather closely that seen in Fig. 8, A with the exception that less venous 
dilatation is seen. The constriction of the internal jugular veins at the level 
of the clavicle shown in Fig. 8, A is seen in Fig 8, B to be at the point where 
they are crossed by the subclavian arteries. In Fig. 8, B in addition the in- 
nominate vein is seen to be constricted where it is crossed by the innominate 
and left common carotid arteries. There is no filling of the veins of the extremi- 
ties in either specimen. 

In summary, these x-ray studies of stillborn babies showed consistent differ- 
enees in the pathways taken by a nonmiscible contrast medium. When injected 

‘tra-arterially only small volumes (4 ml. in the case illustrated) were required 
to fill the arteries supplying the heart (the coronaries) and the respiratory 
centers of the medulla (the vertebrals and basilar artery). Early filling of 
another pair of vital organs, the kidneys, was also seen (after only 2 ml.) when 
the route was intra-arterial. 

Intravenous injections passed first to the liver, then to the portal system, 
right atrium, inferior vena cava, superior vena cava, and left atrium. Filling 
of the aorta did not take place until 50 to 60 ml. had been injected. These 
studies therefore provide a morphologic basis for our earlier findings that when 
the blood pressure has fallen to zero intravenous transfusions are ineffective, 
whereas intra-arterial transfusions may successfully resuscitate a heart even after 
cardiae arrest. 

DISCUSSION 


The vessels within the umbilical cord provide a very convenient route by 
which transfusions may be given and transfusions of oxygenated blood have 
proved beneficial for the asphyxiated newborn infant.’**° In cases in which 
heart action is strong enough to maintain some blood pressure, the intravenous 
route is entirely satisfactory. However, intra-arterial injections appear to be 
necessary if the blood pressure is very low. The present studies offer an ana- 
tomie rationale for these observations. 

The chief requirement for resuscitation from asphyxia is the delivery of 
oxygenated blood to the vital organs. Under ordinary circumstances this is only 
possible if the heart is contracting vigorously and for this adequate volumes 
of oxygenated blood must be delivered to the coronary arteries. This fact lends 
specia] significance to the early filling of the coronary arteries in the case of 
the baby injected intra-arterially. The patent intra-atrial foramen ovale of 
the newborn infant offers a short-cut, not present in the adult, by which an 
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intravenous injection can pass to the left side of the heart and thus reach the 
aorta without passing through the lungs. In spite of this fact, there was no 
filling of any part of the arterial tree until after 40 ml. had been introduced 
intravenously. Filling of the coronary sinus was recorded at 50 ml. and a 
shadow, questionably identified as the right coronary artery, was seen after 
60 ml. had been injected. In striking contrast were the results when the injec- 
tion was via an umbilical artery. One fifteenth of this volume (4 ml.) was 
sufficient for filling of both coronary arteries and only 7 ml. was required for 
complete filling of the circle of Willis. Thus, even with cardiac arrest, an intra- 
arterial transfusion of oxygenated blood may be expected to improve the oxy- 
genation of the respiratory centers by the time the infant has received 10 ml. 
This finding appears to explain the onset of breathing only 3 minutes after the 
beginning of the transfusion in Case 4 of Westin, Miller, Nyberg, and Weden- 
berg.’* 7° Since the heart was in arrest at the beginning of the period of trans- 
fusion, it is not likely that adequate oxygenation for firing by the respiratory 
eenters could have been achieved in such a short time without direct perfusion 
of the medulla by the transfusion itself. his actually proved to be the situa- 
tion in the adult dog in a series of experiments by Jones and co-workers*® em- 
ploying a standardized hypotension. They found that gasping which usually 
began within 5 seconds after the beginning of intra-arterial transfusion was pre- 
vented by clamping the vertebral arteries (which supply the medulla) but not 
the earotids (which supply the aortie receptors and provide the major supply 
for higher centers). 

Intravenous transfusions date from the time of Richard Lower’ (1665) 
and Jean Baptiste Denis? (1667). he first discussion of intra-arterial versus 
intravenous transfusion was that of Landois* in 1878, who coneluded that the 
former was the route of choices. In 1883 Halsted® reported the suecessful use 
of a erude form of intra-arterial transfusion, called by him ‘‘refusion.’’ Sixty 
vears later Kohlstaedt and Page’ (1943) revived interest in the intra-arterial 
route by reporting that 75 per cent of dogs recovered from an otherwise lethal 
hemorrhage if transfused intra-arterially while only 30 per cent recovered if 
the same volume of blood was returned by an intravenous route. Glasser and 
Paget (1948) demonstrated the value of intra-arterial transfusions for hemor- 
rhagie shock. In 1950 Jones and colleagues,’ using 35 per cent Diodrast at 
a pressure of 100 mm. He, found that very little entered the aorta when pres- 
sures were within the normal range (100 to 110 mm. Hg). When the dog’s 
pressure was reduced to 70 mm. Hg, the injection reached the diaphragm. Be- 
low 50 mm. He they reported filling of all large branches of the aorta, including 
the coronary and vertebral arteries. Similar studies should be made upon new- 
born infants. Lacking these, the studies reported here show the same injection 
pattern for the stillborn fetus with no systemic pressure as Jones and his group 
found in living animals with less than 50 mm. Hg blood pressure. Their con- 
clusions for the adult that intra-arterial injections are most effective when 
needed the most are in full agreement with those derived in this study for the 
newborn from a quite different approach. 
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In spite of its demonstrated benefits in adult dogs intra-arterial transfusion 
of oxygenated blood has not been used extensively because of the danger of gan- 
grene resulting from subsequent arteriospasm at the injection site..° This con- 
traindication is not present in the newborn infant which is provided with a 
pair of major aortic branches (the umbilicals) which are readily catheterized 
and whose subsequent constriction is part of the physiologic processes accom- 
panying birth and does not interfere with the blood supply of any organ. Thus it 
appears that in addition to hypothermia’* there is another important aid in 
reviving the moribund infant which has thus far been almost completely over- 
looked. The present study indicates the route by which intra-arterial trans- 
fusion might deliver oxygenated blood to the myocardium via the coronary 
arteries and to the respiratory center of the medulla by the branches of the 
basilar artery. It is probable that the latter is the explanation for the early 
onset of respiration observed in the babies reported earlier during the course 
of intra-arterial transfusions.** 

The use of an immiscible contrast medium prevented the blurring of the 
pictures which occurs when the medium escapes into the tissues. Taking this 
into account, the pictures obtained on stillborn babies are remarkably similar 
to some of those of Lind and Wegelius'” ** which were made on living pre- 
mature and full-term infants. Their studies also show an early filling of the 
liver in injections via the umbilical vein with retrograde filling of the inferior 
vena cava in an asphyxiated newborn infant (Fig. 14 in Lind and Wegelius’’). 
Likewise, their intra-arterial radiographs show the same pattern of filling, in- 
eluding that of the coronary arteries, which was described here (Figs. 27 and 
28 in Lind and Wegelius'’). These findings lend added support to the 
rationale for the use of the intra-arterial rather than intravenous route which 
has been developed in this report. 


SUMMARY 


1. In a brief discussion of the rationale for intra-arterial transfusions, one 
factor not previously considered is emphasized. Intravenous transfusions by 
increasing the venous pressure will dilate the flabby atonic heart and compress 
the veins draining the heart wall. This may increase the oxygen deficiency of 
the myocardium and actually reduce the chances of recovery. 

2. Human stillborn fetuses were injected with Dionosil Oily through the 
umbilical vein or an umbilical artery and were x-rayed after measured quantities 
had been introduced. 

3. Most of the contrast medium was accommodated in the liver and portal 
system when transfused through the umbilical vein with filling of the cavae and 
heart taking place later. Filling of the aorta as a result of passage of the 
medium through foramen ovale and the left atrium and ventricle oceurred much 
later. 

4. Introduced through an umbilical artery, the contrast medium reached 
the kidneys and the aortic valves after only 2 ml. and filled the coronary arteries 
and major vessels of the head, as far as foramen magnum, after only 4 ml. All 
the major arteries in the body were visualized after 35 m]. had been introduced. 
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5. These injection studies provide an anatomic explanation for the earlier 
observations on living premature infants that, after intravenous transfusions 
were of no benefit, intra-arterial injections might reactivate effective pumping 
contractions by the heart. 


We are grateful to Dr. Ted F. Leigh of Emory University Hospital for providing the 
facilities and the expert knowledge which made possible the excellent radiographs which we 
had for study. We are greatly indebted also to Mr. Joseph T. Jackson and the Department 
of Medical Illustration for reproductions of the radiographs which in some cases were better 


than the originals. 

The senior author also wishes to acknowledge indebtedness to Dr. John Lind of the 
Wenner-Gren Cardiovascular Research Laboratory for providing facilities, assistance, and 
materials which made possible the studies of premature living humans during his stay in 


Stockholm. 
The Dionosil Oily was provided through the courtesy of the Glaxo Laboratories, Ltd. 
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PERICARDIECTOMY FOR CHRONIC CARDIAC TAMPONADE 
IN CHILDREN 


JosePpH RosHe, M.D., ANp Harris B. SHUMACKER, JR., M.D., INDIANAPOLIS, IND. 


(From tie Department of Surgery, Indiana University Medical Center) 


HERE are numerous reports in the literature concerning pericardiectomy 

for chronic constrictive pericarditis and a few relating to pericardiectomy 
for tamponade due te chrenie pericardial effusion. No paper as appeared in 
the literature, as far as we know, dealing specifically with <'s*e problems in 
children. For this reason we have felt it worthwhile to preset = cases treated 
in this institution and to review the pertinent literature. 


CASE REPORTS* 


Case 1.—The patient was first admitted on July 25, 1951, at the age of 15. The 
diagnosis of pulmonary tuberculosis had been made in January, 1950, and he had been 
treated in a sanitarium for 17 months. At the time of that admission he was said 
to have had ascites, hepatomegaly, dyspnea, and orthopnea. Digitalis treatment had not 
been appreciably beneficial. He was thought to have chronic constrictive pericarditis and 
was transferred to this hospital. 

At this time he had some edema of the lower extremities and minimal ascites. The 
liver edge was palpable 8 em, below the right mid-costal margin. The heart sounds were 
quiet, the blood pressure 95/90 mm. Hg, and the venous pressure 35 em. H,O. Fluoroscopic 
and roentgenographie studies revealed poor cardiac contractions, extensive pericardial 
calcification, and mild bilateral pleural effusion. Cardiac catheterization revealed high 
pressures in the venae cavae, right atrial pressure of 30/21 and a right ventricular pressure 
of 55/17 with a mid-diastolie plateau. 

Pericardiectomy was performed on July 28, 1951. The pericardium was markedly 
thickened and calcified. It was removed anteriorly and posteriorly back beyond the mid- 
portion of the heart on both sides. Postoperatively the venous pressure fell to 26 em. 
He lost 9 pounds within a few days. 

When the patient was seen on October 22 he was obviously improved but not entirely 
well. There was still some ankle edema and his venous pressure was 24 em. H,O. He 
was, therefore, readmitted on March 17, 1952. Although he had felt much better he had 
oecasionally required mercurial diuretics for mild peripheral edema and at times had noted 
dyspnea upon little exertion. On right heart catheterization the atrial pressure was 
found to be 18/11, and the ventricular pressure 60/13 with a mid-diastolic plateau. The 
femoral pressure was 110/67. The second operation was performed on March 22, 1952, 
through a left anterolateral thoracotomy. The remaining pericardium was excised back 
to the posterolateral border of the heart. The myocardium was thin and flabby. At the 
completion of the procedure his condition seemed precarious. The venous pressure had 
risen to 60 em. H,O and rales were audible in both lungs. Marked improvement followed 
the removal of 750 ¢.c. of blood. His convalescence was rapid and he was discharged on 
April 6, 1952. 


Aided by grants from the James Whitcomb Riley Memorial Association and the United 
States Public Health Service. 

Received for publication Sept. 5, 1959. 

*Cases 1 and 2 have been mentioned in previous reports.” 77 
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Examination of the excised pericardium on both occasions showed nonspecific fibrosis 
with calcification. There was nothing in either specimen to suggest tuberculosis. 

He has remained entirely well and has led an actively normal life. When last ex- 
amined his blood pressure was 130/70 mm. Hg, the venous pressure 10.5 em. H,0. 


CasE 2.—The patient was a 16-year-old girl who was admitted on Aug. 16, 1955. She 
had been entirely well until 9 months previously when she fainted while dancing. Syncopal 
attacks after exercise occurred several times a week during the following 2 months. Seven 
months before admission she developed a low-grade fever, dyspnea, a feeling of fullness 
in her chest and neck, swelling of the face, hands, feet, legs, and abdomen. On admission 
to another hospital: she was noted to be orthopneic and cyanotic, the heart sounds were 
distant and no murmurs were heard. The liver was enlarged. Roentgenograms revealed 
a markedly enlarged cardiac shadow. The electrocardiogram showed low voitage. First 
and second strength Mantoux tests were negative as was the histoplasmin skin test. It 
was apparent that she had cardiac tamponade and pericardiocenteses were performed on 
3 successive days with the removal of over 2 L. of fluid. All cultures of the fluid were 
negative. The signs of tamponade and heart failure rapidly subsided. She was treated 
with digitalis and diuretics and discharged after one month. 

She did well for 2 months but had to be readmitted with recurrent signs and symp- 
toms of tamponade. The blood pressure was then 98/80 mm. Hg. After the removal of 
2 L. of pericardial fluid the pressure stabilized at 100/60. She improved rapidly again 
and was discharged, but symptoms soon returned. In July, 1955, pericardiocentesis was 
again necessary; 2,500 ¢.c. of fluid was removed. 

On her admission to this hospital on Aug. 16, 1955, her blood pressure was 100/65 
mm. Hg, her heart tones muffled, and there was a flat percussion note over the left base 
posteriorly. X-rays showed a huge cardiac shadow with an air fluid level in the pericardial 
sac. The blood count and urinalysis were normal. On Aug. 17, 1955, an extensive peri- 
cardiectomy was performed through a median sternotomy incision. Heart function im- 
proved remarkably. The excised pericardium was 3 mm. thick, weighed 115 Gm., and 
measured 15 by 18 em. in size. Pathologie study revealed chronic, nonspecific pericarditis. 
Four years have passed since surgery. She has remained entirely asymptomatic and is 


married and leading a completely normal life. 


CASE 3.—The patient was a 64-year-old white boy who was admittec. to the hospital 
first on Dec. 14, 1956, because of swelling of the abdomen of 4144 months’ duration. Shortly 
after the abdominal distention had been noted, the child had been admitted to another 
hospital where examination revealed lymphadenopathy, hepatomegaly, splenomegaly, and 
ascites. Some of the abdominal fluid was removed and showed nothing remarkable on 
examination. An inguinal node biopsy was not diagnostic. The child had had a poor 
appetite for a year. He had had several nosebleeds during the 6-month period prior to 
admission. There had been no related fever, ankle edema, or melena. He had had 
mumps, measles, and, at the age of 4, pneumonia. There had been no known contact with 
tuberculosis and there was no history of rheumatic fever. Thirteen siblings were living 
and well. 

Examination revealed a chronically ill boy with a rounded face, marked abdominal 
distention, and thin extremities. He appeared uncomfortable especially in the supine 
position. Blood pressure was 95/70 mm. Hg. The neck veins were distended, There was 
generalized lymphadenopathy. The lungs were clear, the diaphragms elevated, and their 
excursions limited. The heart was not enlarged. The tones were slightly distant and 
there was a grade 1 harsh apical systolic murmur. The second pulmonary sound was 
louder than the aortic. There was massive ascites. No organs or masses were palpable. 
There was marked venous distention over the thorax and abdomen. 

Cardiae fluoroscopy revealed diminished amplitude of cardiac pulsations. The left 
atrium, right ventricle, and right atrium were noted to be enlarged on x-ray studies. The 
pulmonary outflow tract was prominent and there were mild congestive pulmonary changes. 
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Electrocardiograms showed an abnormal QRS pattern over the ,ight ventricle. First and 
second strength Mantoux tests were negaiive as was the histopiasmin test. Blood counts, 
urinalyses, and studies of liver chem: stry were within norms! limiis. Examination of the 
bone marrow revealed reaetive irritational abnormalities of undetermined cause. Para- 
centesis was performed on December 19. Two liters of cloudy, straw-colored fluid with a 
specific gravity of 1.017 were removed. Cultures were negative for pathogenic organisms 
including tubercle bacilli. No carcinoma cells were seen. Following paracentesis the 
liver was palpable 4 em. below the right costal margin and the spleen two fingers below 
the left. Neither organ was tender. Right heart catheterization on December 21 showed 
a low cardiac output and a failing right ventricle as evidenced by a diastolic plateau. 
Cineangiography was also suggestive of constrictive pericarditis. The atria were dilated, 
and the ventricles restricted in their motion. The left ventricle appeared quite small. 

The patient was discharged on December 22 and readmitted January 21. He had 
several nosebleeds at home and his abdomen increased in size. A paracentesis was per- 
formed on January 27, 2,400 c.c. of amber-colored fluid being removed. Again this was 
negative for bacteria and tumor cells. The venous pressure was 38 cm, H,O; the total 
blood volume 2,616 e.c. 

Pericardiectomy was performed on January 28 through a bilateral fifth intercostal 
space transsternal incision. The pericardium was calcified and the calcification extended 
into the myocardium in some area. The pericardium was completely removed except for 
a posterior shell lying against the vertebral bodies. All cardiac chambers were freed so 
that there was no residual inflow or outflow tract obstruction. The excised pericardium 
consisted of two portions, one 6.5 by 5.5 em. in size, the other 5 by 7.5 em. in size. His- 
tologically it showed hyalinized fibrous tissue with foci of calcification. There were in- 
filtrates of lymphocytes in several areas and the picture was consistent with chronic, non- 
specific pericarditis. 

The patient was digitalized postoperatively. His course was uneventful. Blood 
volume study repeated 5 days postoperatively revealed a total volume of 2,180 c.c. The 
reduction in total blood volume was 20 ¢.c. per kilogram. He was discharged on the 
tenth postoperative day and was continued for a while on digitoxin. 

He has been followed for 2% years and is completely asymptomatic. He has taken 
no medication for over a year, is active, and is doing well in school. Venous pressure is 
11 em. H,O; blood pressure 110/70 mm. Hg. The abdomen is flat and no viscera are 
palpable. 


CasE 4.—The patient was a 13-year-old white boy who was admitted to the hospital 
first on Oct. 15, 1957, because of abdominal distention and fatigue of 4 months’ duration. 
He had been hospitalized elsewhere 10 days previously. On a routine chest film calcifica- 
tion around the heart had been noted. The past history revealed that he had had measles, 
scarlatina, and chickenpox. When he was 1% years old he had had an undiagnosed febrile 
illness which lasted 3 days. Following this illness he stopped talking and subsequently 
a diagnosis of nerve deafness was made. He had attended a special school for deaf chil- 
dren. He had good mental capacity. Three siblings were normal. There was no known 
exposure to tuberculosis and no history suggestive of rheumatic fever. 

Examination revealed a chronically ill, poorly nourished child. The blood pressure 
was 98/72 mm. Hg. Hearing was grossly diminished. The tympanic membranes were 
normal. The neck veins were prominent, the lungs were clear, the heart was not enlarged, 
the heart sounds were quiet, and there were no rurmurs. A paradoxical pulse was easily 
elicited. The abdomen was moderately protuberant and ascites was present. The liver 
edge was palpable 6.5 cm. beneath the right costal margin. There was a mild hepato- 
jugular reflux. The tip of the spleen was palpable. There was no peripheral edema. Car- 
diae fluoroscopy revealed pericardial calcification over the left ventricular area with hernia- 
tion of a large left atrium. The electrocardiogram showed an abnormal QRS over the 
right ventricle suggesting an incomplete right bundle branch block. There were non- 
specific ST-T changes over the left ventricular area. The blood count, urinalysis, and 
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liver function studies were normal. The first and second strength Mantoux tests were 
negative, as was the histoplasmin test. Right heart catheterization performed on October 
24 revealed the cardiac output to be depressed at rest and in response to exereise. The 
right ventricular pressure was 44/22 mm. Hg with a pressure pulse pattern suggestive of 
constrictive pericarditis. The mean pulmonary capillary pressure was elevated to 23 mm. Hg. 
Cineangiographie studies revealed delayed emptying of a greatly enlarged left atrium into 
a small deformed left ventricle. 

The patient was to have a pericardiectomy, but on October 27 he developed fever 
and there was clinical and x-ray evidence of bronchopneumonia and left pleural effusion. 
He was treated with antibiotics and made an uneventful recovery. The pleural fluid re- 
moved was negative for acid-fast bacilli. He was discharged on November 14 and was 
readmitted on Jan. 6, 1958. 

Venous pressure was 44 cm, H,O. Pericardiectomy was performed on January 7 
through a bilateral fifth intercostal space transsternal incision. There was calcification 
in the thickened adherent pericardium. The pericardium was completely excised except 
for a small shell lying posteriorly over the vertebral area. All cardiac chambers were 
freed and the thick adherent pericardium in the left atrioventricular groove was com- 
pletely removed. At the completion of the procedure all chambers were free and the in- 
flow and outflow tracts were unobstructed. The excised pericardium showed histologically 
dense fibrous tissue infiltrated with a few plasma cells, histiocytes, and lymphocytes most 
marked around the small blood vessels. There were large foci of calcification. 

The patient was given digitalis postoperatively. He had an uneventful convalescence. 
Three days after operation his venous pressure had fallen to 25 and 6 days later to 16 
em. H,O. He was discharged on January 17. He had had excellent diuresis after opera- 
tion and had lost 15 pounds. Two months later the venous pressure was 6 em. H,O. His 
exercise tolerance has steadily improved during the year and a half since treatment and 
he has remained entirely asymptomatic. 


REVIEW OF THE LITERATURE 


In Table I are listed the pertinent data from the 66 cases of pericardiec- 
tomy and 2 of ‘‘pericardiolysis’’ for cardiac tamponade performed upon pa- 
tients in the pediatric age group. Included are our own 4 eases and all of those 
we have found in the literature described in sufficient detail so that it is known 
that they were 16 years or younger at the time of surgical treatment. There 
are included 2 cases of ‘‘pericardiolysis’’ for constrictive pericarditis performed 
by Hallopeau as early as 1910 and reported by Delorme.*! Rehn*! appears to 
be the first to have performed a pericardiectomy in a child. The earliest peri- 
eardiectomies in children in this country were by Beck in 1929* and by Churchill 
in 1932.7 The youngest patient treated by pericardiectomy for constrictive peri- 
carditis was 214 years of age.’ In 3 of the cases pericardiectomy was performed 
beeause of chronic cardiac tamponade during the stage of pericardial effusion; 
Betts’ case* was 3 years old, Crastnopol’s® 10, and ours, 16. 

The ratio of males to females was nearly 2 to 1. Sex was not stated in a 
few instanees. Forty-three were males and 20 were females. Harrington’s re- 
port includes the largest number of operative procedures upon ehildren’*: there 
were 7 such eases. Santy®® and Wu*® reported 6 each. In 25 per cent of the 
patients, operation was carried out within 6 months after the onset of symptoms. 
Half of the patients were symptomatic for more than a year before operative 


treatment. 
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From the survey of the literature it is difficult to determine precisely the 
etiology of the pericardial disease. In more than 50 per cent of the cases there 
was no specifie etiological factor suggested and the pathologie picture was one 
of nonspecific inflammatory disease. Tuberculosis could possibly be implicated 
as the etiological factor on a clinical basis in 26 instances (38 per cent). In 
17 of them there was pathologie proof of the diagnosis, while in 7 the picture 
was one of nonspecific pericarditis. In 2 cases the histologic findings were not 
reported. Rheumatic pericarditis was suspected in 4 cases but in none was 
there pathologic proof. Churchill’s patient*® who died 8 years after his second 
operation showed evidence of chronic rheumatic endocarditis on postmortem 
examination. Santy’s patient?* had had four episodes of acute rheumatie fever. 
There was no evidence of rheumatic disease in the resected pericardium. There 
were three instances of suppurative constrictive pericarditis. In Blalock’s ease*® 
which terminated fatally, Staphylococcus aureus was the etiological agent. 
Crastnopol’s® patient was cured and Delorme’s": improved by pericardiectomy. 

The results following the initial procedure were recorded as good, excellent, 
or a cure in 35 eases, or 51.5 per cent. Another 12 patients were felt to be im- 
proved. Thus 47, or 69 per cent, were benefited. In 8 instances there was 
slight, temporary, or no clinical improvement following surgery. Twelve pa- 
tients died at operation or during the early postoperative course. Four died 
later. One of Santy’s patients died 8 months later of generalized tuberculosis. 
Interestingly enough, the excised pericardium in this case had revealed no 
microseopie evidence of tuberculosis. Two patients who were unimproved died 
2 months (Wu’s ease) and 4 years (Mortensen’s case) after operation. One 
of Harrington’s patients who was improved by pericardiectomy died 7 months 
later of pneumonia. 

Two children who were improved by the first procedure were subsequently 
cured after a second more complete removal of the pericardium (Andrews’ 
ease* and one of our own). Another who was unimproved after the first opera- 
tion was much better after the second. This patient died 8 years later of con- 
gestive heart failure due to rheumatic heart disease.*® Lawrence’s'’ patient was 
not improved by a second procedure and died following the third. Macedo* 
reported a patient upon whom three operations were performed; she died 2 
months after the third and was found at postmortem to have an atrial septal 
defect. There were 74 operations performed upon the 68 eases. 

The final result after these operative procedures was good or excellent in 
37, or 54.5 per cent. An additional 11 patients were improved, though one of 
them died 8 years later as the result of rheumatie heart disease. Forty-eight 


TABLE II. RESULTS OF PERICARDIECTOMY IN CHILDREN* 


























a RESULT a |  ~BEFORE 1945 | AFTER 1945 
Excellent 17 (51.5%) 20 (60.5%) 
Improved 7 4 
Poor or death 9 (27%) 9 (27%) 
Total 33 33 








*Date of treatment not stated in 2 cases. 
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patients, or 71 per cent, were benefited or cured. In 6 eases there was slight, 
temporary, or no improvement. Death at operation or shortly thereafter oc- 
curred in 14 cases (21 per cent). 

When the results of treatment prior to 1945 and since that time are com- 
pared, disappointingly enough, no substantial improvement is noted (Table IT). 


DISCUSSION 


Constrictive pericarditis is predominantly a disease of the male. In review- 
ing the sex incidence from several large series, Andrews? noticed an 80 to 
90 per cent male preponderance. Approximately twice as many eases have 
been reported in male children as in female children. In most there was neither 
clinical nor pathologie evidence of any specific etiology. The commonest specific 
etiology suspected on clinical grounds was tubereulosis. In the majority of in- 
stanees in which tuberculosis was thought to be the etiologic basis, microscopic 
proof was forthcoming. In 7 cases, however, the excised pericardium revealed 
no evidence of tuberculosis. In one such ease death subsequently occurred from 
generalized tuberculosis. It is the general feeling that rheumatic pericarditis 
rarely leads to constriction.1* Sellors?® has pointed out that lesions resulting 
from rheumatic fever tend to be thin and vascular with loosely packed, wavey 
collagen fibers and not the heavy hyalin collagenous type which he feels are 
more likely to lead to cicatrization and contracture. In four instances, chil- 
dren were thought to have chronic constrictive pericarditis on a rheumatic basis 
but in no ease was there microscopic proof. Suppuration was the etiological 
factor in 3 of the eases reviewed. We have found no instance of constriction or 
chronic temponade from traumatic hemopericardium in a child. 

In 3 of the children pericardiectomy was performed for cardiae tamponade 
resulting from massive chronic pericardial effusion. The results were excellent 
in all. In our patient (Case 2) the etiology was obscure. In Bett’s case there 
was tubereulous pericarditis. Crastnopol’s patient had a ecoagulase positive 
Staphylococcus aureus infection. Experience with chronic tamponade from 
massive pericardial effusion in children as well as in adults leads us to believe 
that early pericardiectomy is the best treatment. 

The over-all results of pericardiectomy in children have been reasonably 
satisfactory. We were disappointed, however, to find that only slightly over 
half of the patients have been cured or obtained a truly excellent result, and 
that only 70 per cent have either been made essentially well or improved signifi- 
eantly. There was an operative and postoperative mortality of 18 per cent after 
the original operation and of 21 per cent when secondary and tertiary operative 
procedures are included. It is particularly disappointing to find that those 
treated since 1945 have not had appreciably better results than those treated 
prior to this time. One would certainly have anticipated that in recent years 
the results of operative treatment in children, as well as in adults, should be 
substantially better. This is based upon the fact that we now have available 
a variety of effective antibiotics and particularly antibiotic and chemothera- 
peutic agents which are effective against tuberculosis. It is also based upon the 
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hope that surgeons have become generally impressed with the need for perform- 
ing a complete operative procedure at the first session. In several of the pa- 
tients included in this review, secondary operations were necessary. Two who 
had been significantly improved by the first procedure were cured by the second 
and e third was improved. In 2 eases three operative procedures were ineffec- 
tual and death occurred after the third. 

Our personal experience with pericardiectomy, both in children and in 
adults, would lead us to believe that we can anticipate a lower mortality in the 
future and better over-all results. The first of our 4 patients required a sec- 
ondary operation. In the last 3 the pericardiectomy was so extensive that all 
eardiae chambers and all inflow and outflow tracts were completely freed. We 
have incurred no mortality and all 4 of our young patients are clinically cured. 


SUMMARY 


Four cases of pericardiectomy in children for chronic constrictive peri- 
earditis or cardiac tamponade with chronic pericardial effusion are reported. 
The pertinent literature concerning pericardiectomy in the pediatric age group 
is reviewed. The over-all results in the literature are reasonably satisfactory, 
but it is felt that a distinctly lower mortality and a significantly higher cure 
rate should be obtained in the future. From our own experience we feel that 
pericardiectomy should carry a very low mortality and that it should result in 
a cure in almost all instances except those in which some residual eardiae dys- 
function persists because of intrinsic intracardiae or valvular disease. 
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Experimental Surgery 


{xperimental surgery has advanced from a laboratory evaluation of 
operative procedures to a wider area of investigation involving many subjects 
hitherto considered beyond the scope of the surgeon. It is not a specialty by 
itself, but covers a field of research related to surgery and of interest to sur- 
geons. Its field includes such diverse subjects as oncology, neurochemistry, 
endocrinology, angiology, and muscle physiology in addition to studies of gen- 
eral phenomena of infection, shock, metabolic response to injury, and neoplasia. 
On the solid foundation of the fact that research in surgery is not only desirable 
lut necessary, one can consider its objectives as follows. 

The most important task is probably the widening of the scientific approach 
in surgery. New facts and data related to surgical practice are uncovered con- 
tinuously by research in basic sciences. It is up to the surgeons to evaluate the 
applieability of these findings to surgery. Not only have new fields for surgery 
opened recently, but also the approach to many surgical problems has under- 
gone a change as a result of better understanding of the basie principles in- 
volved. 

The clinieal experience in surgery provides a unique opportunity for ob- 
servations in investigation of basic phenomena in many fields such as cancer 
research, exposure to traumatie and infectious agents, shock, and so forth. The 
contribution of a surgeon to research progress in these fields ean be consider- 
able, since facts, simple and obvious to him from clinical practice, might appear 
to others just as obseure as some physical chemistry is to surgeons. 

The final objective, but not the least important, is the training of the young 
generation of surgeons in research. It is unlikely that a year of investigative 
work preseribed by most medical schools as part of a graduate training program 
wili lead to startling experimental findings, although notable exceptions have 
been made. It is the contact of the future surgeon with experimental methods 
which is of primary value in addition to the recognized importance of research 
in teaching. The preparation of the mind to face research problems of the 
future appears to be the logical answer to the ever-increasing scope of surgery. 

While the Art of Surgery seems to have reached the summit, the Science 
of Surgery is confronted with a new world of electronics, sputniks, and_bio- 
physies. Whether we ean keep in step with these developments depends largely 
on progress in surgical research. 

Stanley C. Skoryna 
MeGill University 
Montreal, Canada 








(a 








SURGERY 


A Monthly Journal Devoted to the Art 


and Science of Surgery 


Editors 


ALTON OCHSNER OWEN H. WANGENSTEEN 
New Orleans Minneapolis 


Associate Editors 


ALFRED BLALOCK, Baltimore WARREN H. COLE, Chicago 
CLARENCE DENNIS, Brooklyn 


I. 8S. RAVDIN, Philadelphia 
J. GARROTT ALLEN, Chicago 


JOHN R. PAINE, Buffalo 
MARK M. RAVITCH, Baltimore 


Editorial Board 
EMILE F. HOLMAN, San Francisco 
JOHN J. MorTON, Rochester, N. Y. 
CaRL Moyer, St. Louis 
GEORGE T. Pack, New York 
WILDER G. PENFIELD, Montreal 
WILLIAM F. RIENHOFF, JR., Baltimore 


JOHN ADRIANI, New Orleans 
EpwarbD D. CHURCHILL, Boston 
FREDERICK A. COLLER, Ann Arbor 
MICHAEL DEBAKEY, Houston 
LEsTER R. DRAGSTEDT, Chicago 
RoBERT E. Gross, Boston 


VOLUME 46 
JULY—DECEMBER, 1959 


ST. LOUIS 


THE C. V. MOSBY COMPANY 


1959 





VOLUME 46 
Copyright © 1959 by 
THE C. V. MOSBY COMPANY 
(All rights reserved) 


Printed in the 


United States of America 














2k LI ANI TN LTE ATONE TELLS LIES FEET LTA, COT LT TESS EE RAAT 








oie wo4 eg : a" ; 
vty : o~ ‘ ae 
a é Sa 
"ap RS 
? ' rd ate it 4 
‘ f 
e 


INDEX TO VOLUME 46 


AUTHOR INDEX* 


A 


ABSOLON, KAREL B., HUNTER, SAMUEL W., 
AND QUATTLEBAUM, FRANK W. A 
new technique for cardiac 
construction from autologous dia- 
phragm, 1078 

ALFANO, Guy A. (See Andersen et al.), 
1060 

ANDERSEN, MurrAy N., MENDELOW, ManrrI- 
ANNE, AND ALFANO, Guy A. 
Experimental studies of heparin- 
protamine activity with special 
reference to protamine inhibition of 
clotting, 1060 

ANDERSON, KENNETH N. 
al.), 747 

ANDREASSEN, M., AND LINDENBERG, J. Late 

postoperative ‘‘hemobilia’’ treated 

with peripheral ligation of the 

hepatie artery, 870 

WILLIAM G. (See 
et al.), 22 

ARNEIL, GAVIN C. 
966 

ASHLEY, CHARLES A. 
821 


(See Thomas et 


ANLYAN, Sullenberger 


B 


BAHNSON, HENRY T. (See Spencer and 


Bahnson), 987 


valve | 





(See Grant and Arneil), | 


(See Mannick et al.), | 


BALLINGER, WALTER F., II, HAuptT, GEORGE | 
J., HERING, NORTON, AND GIBBON, | 


A technique for 


JoHN H., JR. 


sampling mixed hepatic venous blood | 


in dogs, 806 
BARGERON, L. M., JR. 
Bargeron), 797 


(See 


Clark and | 


BARNES, BENJAMIN A., BEHRINGER, GLENN | 


E., WHEELOCK, FRANK C., JR., AND 
WILKINS, EARLE W., JR. 
sepsis: 
BARNES, J. PEYTON. 
duct dilator, 513 
BEAL, JOHN M. (See Okinaka et al.), 70 
BEALS, GAROLD S. (See Wise et al.), 543 
BEHRINGER, GLENN E. (See Barnes et al.), 
247 


*July, pp. 1-298; August, pp. 299-474; 


Surgical | 
impressions and facts, 247 | 
An improved common | 


| 


September, 


BELJAN, JOHN R., AND BERRY, ROBERT E. L. 
The use of radiofrequency conduc- 
tion techniques for biologic inves- 
tigation, 288 

BENSHIMOL, ALBERT. 
1020 

BENVENUTO, R., AND LEWIS, F. JOHN. In- 

fluence of some physical factors 
upon oxygenation with a_ plastic 
membrane oxygenator, 1099 

(See Starzl et al.), 880 

BerG, JOHN W. (See MeNeer and Berg), 
829 

BERNHARD, V. M. 

BERRY, RoBerr E. 
Berry), 288 

BILBAO, CELSO, CANO, MANUEL, MONTEAVARO 
LOMBARD, FRANCISCO, PARDO, GIL- 
BERTO, AND GaASSO, DIEGO. Post- 
operative (adynamic) ileus, 1043 

BONELLO, FRANK. (See Doberneck et al.), 
299 

BooHER, ROBERT J., AND MCPEAK, CHARLES 
J. Juvenile aponeurotie fibromas, 
924 

BowLEs, WILLIAM T., AND SMITH, KENNETH 
R., JR. Renal ectopia, 539 

BRESLAU, ROGER C., PoRIES, WALTER J., AND 

ScHWARTZ, SEyMouR I. A portable 

technique for the maintenance of 

constant sterile postoperative wound 

suction, 711 

Ivan W. (See Ravitch et al.), 97 

Ivan W., Jr. (See Young et al.), 

175 

BUTCHER, HARVEY R.., 

al.), 579 

WINFIELD L. 

Butsch), 440 

BYRNES, W. P. (See Hayes et al.), 123 

Byron, FRANcIS X. (See Cruze et al.), 664 


(See Schwartz et al.), 


(See Starzl et al.), 880 
L. (See Beljan and 


BROWN, 
BROWN, 


Jr. (See Newton et 


BuTSCcH, (See Jewett and 


C 
CALLAWAY, HrENRy A., JR. (See Young et 
al.), 175 
CAMPBELL, GILBERT S. 
669 


(See Grage et al.), 


pp. 475-650; October, pp. 651-828; 


November, pp. 829-1004; December, pp. 1005-1182. 
1165 




























































1166 AUTHOR INDEX 


CANNON, JACK A., LONGMIRE, WILLIAM P., CRUZE, KENNETH, ByRON, FRANCIS X., AND 


Jk., AND KattTus, ALBERT A. Con- Hint, JAMES T. The association of 
siderations of the rationale and peptic ulcer and symptomatic hiatal 
technique of coronary endarterec- hernia, 664 
tomy for angina pectoris, 197 (See Clarke et al.), 48 

CANO, MANUEL. (See Bilbao et al.), 1043 CZARNECKI, Nancy. (See Levey et al.), 529 


Capps, WILLIAM, JR. (See Dale and Capps), 
333 D 
CARTER, RICHARD, VANNIX, ROBERT, HIN- 
SHAW, DaAvip B., AND STAFFORD, DALE, W. ANDREW, AND CAPPS, WILLIAM, JR. 


CLARENCE E. Inferior mesenteric Major leg and thigh amputations, 
vascular occlusion: sigmoidoscopic 332 
diagnosis, 845 , DEWEESE, JAMES A., AND Scott, W. J. 
Case, THOMAS C. Acute epiploic appenda- MERLE. Autogenous venous shunt 
gitis, 1047 grafts, 145 
CHAMBERS, ROBERT G, Experiences with ~ (See DeWeese et al.). 565 
minimal wound dressings following DAVIGLUS, GEORGE F. (See Ravitch et al.) 
head and neck surgery, 982 97 
CHESKY, V. E., HELLWIG, C. A., AND WELCH, DEALY. JAMES B., Jr. (See Wilson et al.) 
J. W. Proliferating adenoma of the 261 
thyroid, 913 DEBAKEY, MICHAEL E. (See Jordan et al.), 
CHILD, CHARLES G., ILI. (See Donovan et 107 
al.), 56 DEVINE, KENNETH OD. (See Kragh and 
CHoboFF, RICHARD J., AND DIAZ DE LEON, Devine), 319 
ALBERTO. Lipoma of the stomach, | DEWEESE, JAMES A. (Sce Dale et al.), 145 
841 —, JONES, T. I., McCoorp, A., AND MAHONEY, 
Cuuna, W. B. (See Elliot et al.), 605 E. B. The beneficial effeets of coro- 


nary perfusion on the hypothermic 


CLARK, LELAND C., JR., AND BARGERON, L. M., ( 
myocardium during caval occlusion, 


Jr. Detection and direct recording 


of left-to-right shunts with the BS 
hydrogen eleetrode eatheter, T97 . Woops, WILLIAM D., AND DALE, W. 
ANDREW. Failures of homografts 


CLARKE, JAMES S., McKissock, PAuL K., 
AND CRUZE, KENNETH. Studies on 
the site of origin of the agent 
causing hypersecretion in degs with 
portacaval shunt, 48 

CLIFFTON, E. E. (See Howland et al.), 948 

COHN, ISADORE, JR. Recent developments in 
colon surgery, 638 

Coun, Roy. The relationship of cardiac 
hypertrophy to cirrhosis of the 
liver, SS7 

CoLE, JAcK W. (See O’Hara and Cole), 688 

COLLIER, CHARLES S. (See Miller et al.), 


as arterial replacements, 565 

DIAZ DE LEON, ALBERTO. (See Chodoff and 
diaz de Leon), 841 

DINEEN, JOSEPH. (See Okinaka et al.), 70 

DOBERNECK, RAYMOND C., GRIFFEN, WARD O., 
. = PAPERMASTER, AARON A., 
BONELLO, FRANK, AND WANGEN- 
STEEN, OWEN H. Hypnosis as an 
adjunct to surgical therapy, 299 

Dopps, MAx E. (See Cross et al.), 1135 

DONOVAN, ARTHUR J., REIF, ARNOLD E., 
TREVINO, HILARIO, AND CHILD, 

374 CHARLES G., IIT. The influence ot 

Eck fistulas on patterns of adreno- 


COLON-BONET, JUAN. (See Palumbo et al.), : ses 
cortical response to stress, 56 







L005 ‘ 
, ’ ‘ DRAGSTEDT, LESTER R. On medical educa- 
CONN, J. Harotp. (See MeRae and Conn), , am “475 : 
902 * eg , 
' mn , "ee = DrucKER, WILLIAM R. (See Levey et al. 
Cook, THOMAS DD. Gastroschisis, 618 529 
COOLEY, DENTON A., AND STONEBURNER, JOHN DUSHANE, JAMES W. (See MeGoon et al.), 
M. ‘Transventricular mitral val 185 
votomy, 414 DuVaL, M. K., Jr. (Sce Smith et al.), 76 
CoorpeR, THEODORE. (Sce Willman et al.), Dwyer, Epwarp. (See Stark and Dwyer), 
792 277 
CoRcORAN, A. C. (See Klapproth et al.), ' 
LOS4 E 
a “4 » See T¢ ‘ Ts) » 7 ’ ° 
aRnmEA., gee P. (See Waldhausen et | powarps, WituiAM H. (See Herrington and 
ee ame i" ' Edwards), 1012 
Corson, JoSEPH M. (Sce Wilson et al.), 261 EGpAHL. RICHARD H.  Pituitary-adrenal re- 
Cortes, N. (See Starzl et al.), 880 sponse following trauma to the iso- 
CREECH, Oscar, JR. (See Halley et al.), lated leg, 9 
1128 EISEMAN, B. (See Silen and Eiseman), 38 
Cross, Roserrt L., Dopps, Max E., AND E.uiot, J. A., McKenzie, A. D., AND CHUNG, 
KNIGHTS, EDWIN M., JR. The su- W. B. Ruptured abdominal aortic 






domotor test, 1135 aneurysm, 605 














AUTHOR INDEX 


F 
Fercuson, L. K. (See Stahlgren and Fergu- 
son), 847 
FERREBEE, JOSEPH W. 
821 
Firor, WARFIELD M. 
treatment of 
996 


(See Mannick et al.), 


A eritical review of the 
mammary carcinoma, 


FiTzpaTRicK, MARTIN J. (See Hardin and 
Fitzpatrick), 534 
FREUND, H. RoBert. (See Sandler et al.), 


479 
G 


(See Bilbao et al.), 1043 
(See Jackson and Gay), 853 
(See Ballinger et al.), 


Gasso, DIEGO. 
Gay, BRIAN C. 
GIBBON, JOHN H., JR. 
806 
GILBERTSEN, Victor A. Adenocarcinoma of 
the large bowel, 1027 
GLAUBITZ, JOHN P., AND McELWAIN, JACK 
W. Functicnal results following sub- 
total and total colectomy with a 
re-establishment of continuity, 656 
GLENN, WILLIAM W. L. Required student 
research (Edit.), 635 
FOLDENBERG, IRA S. Catgut, silk, and silver 
—the story of surgical sutures, 908 
(See Hayes et al.), 123 
GRACE, JAMES T., JR., AND 
ATTILA. Tumor-host 
factors in man, 238 
THEODOR B., MAcLEAN, Luoyp D., 
AND CAMPBELL, GILBERT SS. Trau- 
matic rupture of the diaphragm, 669 
GRANT, J. C., AND ARNEIL, GAVIN C. Con- 
genital diverticulum of the esopha- 
gus, 966 
GREENE, N. M. 
GRIFFEN, WARD O., JR. 
al.), 299 
(See Salmon et al.), 873 


LEHOCZKY, 
relationship 


GRAGE, 


(See Hayes et al.), 12: 
(See Doberneck et 


H 


Hasir, Davip V. Treatment of esophageal 
varices by partial esophagogastrec- 


tomy and interposed jejunal seg- 
ment, 212 
Harmovici, Henry. Late arterial embolec- 


tomy, 775 
HAIN, RAyMonpD F., 
747 
HALLER, J. ALEX, JR., AND WILLIAMS, G. 
RAINEY. Isolated midline thyroid in 
the thyroglossa! duct, 437 
M. Martin.  Intracecal 
studies in the dog, 343 
REEMTSMA, KEITH, AND CREECH, OSCAR, 
Jr. Hemodynamics and metabolism 


(See Thomas et al.), 


HALLEY, pressure 


’ 


of individual organs during extra- 
corporeal circulation, 1128 
HALPERT, BELA. 


(See Jordan et al.), 407 





1167 


HANDELSMAN, J. CC. An examination of 
causes of difficulty following opera- 
tion for hypertrophic pyloric steno- 
sis, 624 

HANLON, C. Rouiuins. The decline and fall 

of scientific societies, 1 

(See Willman et al.), 792 

HARDIN, CREIGHTON A., AND 
MarTIN J. Primary carcinoma of 
the carina and bifureation success- 
fully treated by resection and _ re- 
construction, 534 

Harris, JEROME 8. (See Young et al.), 175 

HATIBOGLU, IMRAN, AND MOoOoRE, GEORGE E. 
Thoracie duet ligation, 521 

Haupt, Georce J. (See Ballinger et al.), 
806 

Hayes, M. A., BYRNES, W. P., GOLDENBERG, 
I. 8., GREENE, N. M., AND TUTHILL, 
E. Water and electrolyte exchanges 
during operation and convalescence, 


FITZPATRICK, 


123 
Heutiwic, C. A. (See Chesky et al.), 913 
HERING, Norton. (See Ballinger et al.), 
806 


HERRINGTON, J. LYNWooD, JR., AND EDWARDS, 
WiLtut1AM H. A comparative study 
of the hydrogen ion concentration 
in the residual gastric pouch follow- 
ing vagotoniy, antrectomy, and gas- 
troduodenostomy and _ following 
vagotomy, antrectomy, and_ gas- 
trojejunostomy, 1012 

Hitt, JAMes T. (See Cruze et al.), 664 

Hitt, Jonn R. (See Usher et al.), 718 

HINSHAW, Davip B. (See Carter et al.), 
845 

Horrert, Paut W., ZUBER, SIDNEY, SALZ- 


MAN, ALBERT, AND SPINELLI, VIN- 
ceENT A. Aganglionosis of the en- 
tire colon, 810 


HoiMes, J. Gorpon. Chylous pseudoaneu- 
rysm, 893 

How.anpD, W. 8., ZUCKER, M. B., AND CLIFF- 
TON, E. E. Effect of eyclopropane 
anesthesia on blood coagulation, 948 

Hupbock, JOHN, AND LAWRENCE, WALTER, JR. 
Gastric control of pancreatic secre- 
tion, 682 


HuntTerk, SAMUEL W. (See Absolon et al.), 


1078 
Hurwitz, ALFRED. (See Schwartz et al.), 
1020 
I 
IMPARATO, ANTHONY M.  Decompensated 


small bowel: 
the surgical 
atresia, 423 


tube jejunostomy in 
treatment of jejunal 


J 


JACKSON, CHARLES E., AND GAy, BRIAN C. 
Inheritance of gall-bladder disease, 
853 











1168 AUTHOR 


JACKSON, DeBoRAH A. (See Miller et al.), 
374 

JEKLER, JASON. Intestinal obstruction 
caused by impacted gallstones, 858 

JENSON, C. B. (See Salmon et al.), 873 

JEWETT, THEODORE C., JR., AND BUTSCH, 
WINFIELD L. Meckel’s diverticu- 
lum: the abdominal masquerader, 
440 

JorL, W. (See Smith et al.), 76 

—. (See Schilling et al.), 702 

Jones, T. I. (See DeWeese et al.), 733 

Jontz, J. G. Hepatic artery aneurysm, 896 

JORDAN, GEORGE L., JR., DEBAKEY, MICHAEL 
E., AND HALPERT, BELA. The effect 
of induced chronic hypercholesterol- 
emia on canine thoracic aortic 
transplants, 407 

JoYcE, EUGENE E. (See Talbert et al.), 400 


K 


Katrus, ALBERT A. (See Cannon et al.), 
197 

KAWAHARA, HiRoMI. Alpha-tocopherol in 
prophylaxis and treatment of venous 
thrombosis, 768 

KELLY, WILLIAM D. (See Merritt and 
Kelly), 486 

—, AND WOHLRABE, DoNALD E. Resection of 
the aortie areh, 725 

KILLEN, DUNCAN A. (See Lance and 
Killen), 1107 

KIRKLIN, JOHN W. (See MeGoon et al.), 
185 

KLAPPROTH, H. J., TAKAGI, H., AND Corco- 
RAN, A. C. Segmental renal ischemic 
atrophy, 1084 

KNECHT, ALBERT T., JR. (See Wise et al.), 
543 

(See Wise et al.), 692 

KNIGHTS, EDWIN M., Jr. (See Cross et al.), 
1135 

KRAGH, LYLE V., AND DEVINE, KENNETH D. 
Reconstruction of the pharynx and 
upper esophagus, 319 


L 


LANCE, Epwarp M., AND KILLEN, DUNCAN A. 
Experimental appraisal of the 
agents employed as angiocardio- 
graphie and aortographie contrast 
media. I. Neurotoxicity, 1107 

LAWRENCE, WALTER, JR. (See Hudock and 
Lawrence), 682 

Leacus, C. (See Ling et al.), 1054 

LeHoczkKy, ATTILA. (See Grace and Le- 
hoezky), 238 

LEMMER, KENNETH E. (See Phelan et al.), 
430 

LEMPKE, Ropert E. The secretory activity 
of an isolated, vagally innervated, 
total gastric pouch in man, 350 

LERNER, Ropert. (See Rothenberg et al.), 
496 


INDEX 


LEVEY, STANLEY, DRUCKER, WILLIAM R., AND 
CZARNECKI, NANcy. Energy ex- 
penditure of surgeons, nurses, and 
anesthesiologists during operative 
procedures, 529 

LEwIs, F. JOHN. (See Benvenuto and 
Lewis), 1099 

—. (See Shields and Lewis), 164 

LINDENBERG, J. (See Andreassen and Lin- 
denberg’), 870 

LINDSEY, DouGLaAs. (See Wise et al.), 692 

Lina, C. S., Leacus, C., AND STAHLGREN, L. 
H. Intestinal lipomatosis, 1054 

LITVAK, JOHN, AND VINEBERG, ARTHUR. Ex- 
perimental gradual arterial occlu- 
sions with in vitro and in vivo ob- 
servations, 953 

Locutre, Harry L., Jr. (See Mannick et 
al.), 821 


LOMBARDO, CARLOS R. (See Waldhausen et 
al.), 1118 
LONGMIRE, WILLIAM P., Jr. (See Cannon et 


al.), 197 
LUDINGTON, LoUIS G., AND WOODWARD, ED- 
WARD R. Use of Teflon mesh in the 
repair of musculofascial defects, 
364 . 
LuLu, DonALD J. (See Palumbo et al.), 1005 


M 


McCoorp, A. (See DeWeese et al.), 733 

MAcDoNALD, RicHArpD A. Origin of fibro- 
blasts in experimental healing 
wounds: autoradiographic studies 
using tritiated thymidine, 376 

McDonouGH, KENNETH B. (See Phelan et 
al.), 430 

McE.wain, Jack W. (See Glaubitz and 
McElwain), 656 

McFarRLAND, JAMES A. (Sce Waldhausen et 
al.), 1118 

McGoon, DwicHut C., DUSHANE, JAMES W., 
AND KIRKLIN, JOHN W. The surgi- 
eal treatment of endocardial cushion 
defects, 185 

McKenzig, A. D. (See Elliot et al.), 605 

McKissock, Paut K. (See Clarke et al.), 
48 

MAcLEAN, Luoyp D. (See Grage et al.), 669 

McNEER, GORDON, AND BERG, JOHN W. The 
clinical behavior and management of 
primary malignant lymphoma of the 
stomach, 829 

McPEAK, CHARLES J. (See Booher and 
MecPeak), 924 

McRar, JoHN M., AND CONN, J. HAROLD. 
Carcinoid of ampulla of Vater, 902 

MAHONEY, E. B. (See DeWeese et al.), 733 

MANNICK, JOHN A., LocHTr, Harry L., JR., 
ASHLEY, CHARLES A., THOMAS, E. 
DONNALL, AND FERREBEE, JOSEPH 
W. <A _ functioning kidney homo- 
transplant in the dog, 821 

MARTIN, KirBy A. (See Okinaka et al.), 70 











AUTHOR INDEX 


MEESE, ERNEST H., WeELS, Pup B., AND | 
PosToLorr, ANTHONY V. _ Evalu- 
ation of neomycin-hydrocortisone 
ointment in the open treatment of | 
experimental thermal burns: devel- 
opment of apparatus for producing 
standard burns, 1069 

MENDELOW, MARIANNE. (See 
al.), 1060 

MERENDINO, K. ALVIN. 
747 

MERRITT, JAMES W., AND KELLY, WILLIAM 
D. Totally denervated pouches of 
gastric mucosa, 486 

MIKKELSEN, WILLIAM P., AND PartTiIson, | 
ARTHUR C. Upper gastrie transec- | 
tion (Tanner operation), 501 

MILLER, JAMES A., JR., AND WESTIN, BJORN. 

| 
| 
| 
| 
| 


Andersen et 


y al | 
(See Thomas et al.), | 
| 

| 


Venous and arterial contrast radiog- 
raphy in stillborn fetuses, 1140 
MILLER, JOHN M., AND SHUMACKER, HARRIS 


B., Jr. Congenital small intestinal 
stenosis and atresia, 973 
MILLER, JOSEPH M., JACKSON, DEBORAH A., | 
COLLIER, CHARLES 8. The inhibition | 
of Russell’s viper venom by Congo | 
red, 374 | 
MonTEAVARO LOMBARD, FRANCISCO. (Sec | 


Bilbao et al.), 1043 
Moopy, FRANK. (See Okinaka et al.), 70 


MOOLTEN, SYLVAN E. (See Rosenberg et 
al.), 764 
Moore, GEORGE E. (See Hatiboglu and 


Moore), 521 | 
MorRAN, WALTER H., JR., ROSENBERG, JERRY 
C., SCHLOFF, LEONARD, AND ZIMMER- 
MANN, BERNARD. The relationship 
of adrenal steroids to postoperative 
electrolyte metabolism, 109 
Morrison, Donaup R. The treatment of 
varcinoma of the esophagus, 516 
Morrow, ANDREW G. (See Waldhausen et 
al.), 1118 | 
MurRAY, JOSEPH E. (See Wilson et al.), | 
261 
Myers, M. Bert. A device for tightening 
ligatures, 964 


N 


Nanson, E. M., AND NosBLeE, J. G. The ef- 
fect on the kidneys of cross-clamp- 
ing the abdominal aorta distal to 
the renal arteries, 388 

Narpi, GEorGE L. Specific polypeptide sub- 
strates in enzymatic determination 
of pancreatic disease, 30 | 

NEWTON, WILLIAM T., STOKES, JAMES M., 
AND BuTcHEeR, Harvey R., JR. 
Changes in the elasticity of arterial 
substitutes following implantation, 
579 


(See Nanson and Noble), 388 


Nosie, J. G. 


1169 


O 


OCHSNER, JOHN L. (See Usher et al.), 718 
O’HarA, RicHARD S., AND COLE, JAcK W. 
The effect of serosal application of 
serotonin on intestinal motility, 688 
OKINAKA, ARTHUR, Moopy, FRANK, DINEEN, 
JOSEPH, BEAL, JoHN M., AND MAr- 
TIN, Kirpy A. Experimental pro- 
duction of peptic ulcers without in- 
creased secretion of acid, 70 
MARSHALL J. Species difference 
(Edit.), 819 
B. K. The surgeon’s tactics in the 
treatment of acute cholecystitis, 507 
RIcHARD S., AND RADAKOVICH, MTI- 
CHAEL. Wilms’s tumor: an evalu- 
ation of prognosis and treatment, 
864 


ORLOFF, 
OSSIPOV, 


OwINGS, 


P 


WILLIAM G. (See Passaro and Pace), 
787 


Pack, GEORGE T. 


PACE, 


End results in the treat- 
ment of malignant melanoma, 447 
PALUMBO, Louis T., SHARPE, WENDELL 5&., 
LuLu, DONALD J., VESPA, RAYMOND, 
AND COLON-BONET, JUAN. Antree- 
tomy with vagectomy for chronic 
duodenal uleer, 1005 
PAPERMASTER, AARON A. (See Doberneck et 
al.), 299 
Parpo, GILBERTO. (See Biiwao et al.), 1043 
PASSARO, EDWARD, JR., AND PACE, WILLIAM 
G. Traumatic rupture of the aorta, 
787 
PATTISON, ARTHUR C. 
Pattison), 501 
Prerrov, B. A. Transfusion of cadaver blood, 
651 
JOHN T., LEMMER, KENNETH E., 
AND McDoNouGH, KENNETH B. Je- 
junoileal atresia and stenosis, 430 
PoriES, WALTER J. (See Breslau et al.), 711 
PosToLorr, ANTHONY V. (See Meese et al.), 
1069 


(See Mikkelsen and 


PHELAN, 


Q 


QUATTLEBAUM, FRANK W. 
al.), 1078 


(See Absolon et 


R 

RADAKOVICH, MICHAEL. (See Owings and 
Radakovich), 864 

RavircH, MAarK M., Brown, Ivan W., AND 
DaviGLus, GEorGE F. Experimental 
and clinical use of the Soviet bron- 
chus stapling instrument, 97 

Repo, 8S. FRANK. A new clamp for gastro- 
intestinal surgery, 421 

REEMTSMA, KeiTHw. (See Halley et al.), 1128 

ReirF, ARNOLD E. (See Donovan et al.), 56 

REQUARTH, WILLIAM. Indications for opera- 
tion for abdominal trauma, 461 











1170 


RICHARDS, Victor. Review of meeting of the 
Society of University Surgeons, 298 
—, AND STOFER, RAYMOND. The stimulation 


of bone growth by internal heat- 
ing, 84 

ROBICSEK, F'RANCIS, SANGER, PAUL W., AND 
TAYLOR, FREDERICK H. A_ blood 
flowmeter for extracorporeal sur- 


gery, 396 

ROSENBERG, J. C. A Vesalian woodcut of the 
esophagus and stomach, 469 

—,. (See Moran et al.), 109 

ROSENBERG, NORMAN, MOOLTEN, SYLVAN E., 
AND VROMAN, Leo. A _ ealibrated 
technique for experimental produc- 
tion of venous tirombosis, 764 

ROSENTHAL, Sout Roy. Substances released 
from the skin following thermal in- 
jury, 932 

ROSHE, JOSEPH, AND SHUMACKER, HARRIS B., 
Jr.  Pericardiectomy for chronic 
cardiac tamponade in children, 1152 

ROTHENBERG, ROBERT E., LERNER, ROBERT, 
AND YAEGER, LAWRENCE. The man- 
agement of the ulcer-bearing por- 
tion of the duodenum during sub- 
total gastrectomy, 496 


Ss 


SaBiston, Davip C., Jr. (See Talbert et 
al.), 400 

SapowskY, NORMAN L, 

261 

Ropert A. A new technique for 

the experimental production of valv- 

ular pulmonary stenosis, 758 

SALMON, P. A., GRIFFEN, W. O., JR., JENSON, 
C. B., AND WANGENSTEEN, O. H. 
The effect of temperature on intesti- 
nal motility, 873 

SALZMAN, ALBERT. (See Hoffert et al.), 810 

SANDLER, HENRY C., FREUND, H. ROBERT, 
AND STAHL, S. SIGMUND.  Exfolia- 
tive cytology applied to the detec- 
tion and treatment of head and neck 
eaneer, 479 


(See Wilson et al.), 


SALERNO, 


SANGER, Pau W. (See Robiesek et al.), 396 
SCHILLING, JOHN A., JOEL, WALTER, AND 
SHURLEY, HELEN M. Wound heal- 


ing: a comparative study of the his- 


tochemical changes in granulation 
tissue contained in stainless steel 
wire mesh and _ polyvinyl sponge 


cylinders, 702 


ScHLOFF, LEONARD. (See Moran et al.), 109 
ScHWALB, EuGENE. The effect of Isoindoline 
on survival of rats subjected to 


acute thermal burn, 383 

SCHWARTZ, FREDEKICK, BENSHIMOL, ALBERT, 
AND Hurwitz, ALFRED. Choledocho- 
duodenostomy in the treatment of 
stenosis of the lower portion of the 
eommon bile duet, 1020 

ScHWARTZ, SeyMouR I. (See Breslau et al.), 
711 


AUTHOR 








INDEX 


145 


(See Dale et al.), 
Young et al.), 175 
Venous thromboembolism, 


Scott, W. J. MERLE. 
SEALY, W. C. (See 
SHADID, JOHN N. 
588 
WENDELL S. 
1005 
THOMAS W., AND LEWIS, F. JOHN. 
Rapid cooling and surgery at tem- 
peratures below 20° C., 164 
SHUMACKER, Harris B., Jr. (See Miller and 
Shumacker ), 973 
(See Roshe and Shumacker), 1152 
SHURLEY, HELEN M. (See Schilling et al.), 
702 
SILEN, W., AND EISEMAN, B. 
cause of gastric hypersecretion 
lowing portacaval shunts, 38 
SKORYNA, STANLEY C. Experimental surgery 
(Edit.), 1162 
KENNETH R., JR. 
Smith), 539 
SmitTH, W. O., DUVAL, M. K., JR., JOEL, W., 
AND WOLF, S. The experimental 
production of atrophic gastritis us- 
ing a preparation of human gastric 
juice, 76 ; 
SMITH, W. W. (See Young et al.), 175 
SPENCER, FRANK C., AND BAHNSON, HENRY 
T. Intracardiaec surgery employing 
hypothermia and coronary perfusion 
performed on 100 patients, 987 


SHARPE, (See Palumbo et al.), 


SHIELDS, 


The nature and 
fol- 


SMITH, (See Bowles and 


SPINELLI, VINCENT A. (See Hoffert et al.), 
810 

STAFFORD, CLARENCE E. (See Carter et al.), 
845 

STAHL, S. SIGMUND. (See Sandler et al.), 
479 


STAHLGREN, LERoy H., AND FERGUSON, L. K. 
Is ileostomy always necessary in the 
surgical treatment of segmental ul- 
cerative colitis? 847 


—. (See Ling et al.), 1054 

STARK, RIcHARD B., AND DWYER, EDWARD. 
The enhancement of homografts of 
skin in the adult rabbit using ele- 


ments of homologous whole blood, 
277 

STARZL, T. E., BERNHARD, V. M., BENVENUTO, 
R., AND CorTES, N. A new method 
for one-stage hepatectomy for dogs 
880 

—, AND TRIPPEL, OTTO H. Reno-mesentero- 
aorto-iliac thromboendarterectomy in 
patient with malignant hyperten- 
sion, 556 

STERN, W. EuGeENe. ‘The responsibility of 

the doctor of medicine in the train- 

ing of nursing personnel and the 

governing of nursing care policy in 


the modern hospital (Edit.), 444 
STOFER, RAYMOND. ( See Richards and 
| Stofer), 84 
STOKES, JAMES M. (See Newton et al.), 579 


STONEBURNER, JOHN M. (See Cooley and 


Stoneburner), 414 











AUTHOR INDEX 


SULLENBERGER, JOHN W., ANLYAN, WILLIAM 
G., AND WEAVER, WILLIAM T. Se- 
rotonin in intravascular thrombosis, 





22 
ey 
TAKAGI, H. (See Klapproth et al.), 1084 
TALBERT, JAMES L., JOYCE, EUGENE E., AND 


SABISTON, DAvip C., JR. The effect 
of intra-arterial injection of radio- 


paque contrast media on coronary 
blood flow, 400 
TAYLOR, FREDERICK H. (See Robiesek et 


al.), 396 
THOMAS, E. DONNALL. (See Mannick et al.), 
821 
THOMAS, GEORGE I., ANDERSON, KENNETH N., 
Hain, RAYMOND F., AND MERENDINO, 


K. ALVIN. The significance of 
anomalous vertebral-basilar artery 


communications in operations on the 
heart and great vessels, 747 
TREVINO, Hinarto. (See Donovan et al.), 56 
TRIMBLE, I. RipGEwAy. Arterial diagram, 
805 
TRIPPEL, Orto H. 
556 
TUTHILL, E. 


(See Starzl and Trippel), 


(See Hayes et al.), 123 





USHER, FRANCIS C., HILL, JOHN R., AND 
OCHSNER, JOHN L. Hernia repair 
with Marlex mesh, 718 


Vv 

VANNIX, RoBertT. (See Carter et al.), 845 

VespA, RAYMOND. (See Palumbo et al.), 
1005 

VINEBERG, ARTHUR. (See Litvak and Vine- 


berg), 953 
VROMAN, LEO. (See Rosenberg et al.), 764 


W 


WALDHAUSEN, JOHN A., LOMBARDO, CARLOS 
R., McFARLAND, JAMES A., CORNELL, 
WILLIAM P., AND Morrow, ANDREW 
G. Studies of hepatic blood flow 
and oxygen consumption during 
total cardiopulmonary bypass, 1118 

WANGENSTEEN, OWEN H. (See Doberneck 
et al.), 299 


—. (See Salmon et al.), 873 

WEAVER, WILLIAM T. (Sce Sullenberger et 
al.), 22 

Weiss, Morris M., Jr. (See Weiss and 


Weiss), 1094 
Welss, Morris M., Sr., AND WEISS, MORRIS 
M., Jr. Risk of major surgery in 


patients with old myocardial infare- 
tion, 1094 
Wetcu, J. W. 
WELS, Puiuipe B. 


(See Chesky et al.), 913 
(See Meese et al.), 1069 





1171 


WESTIN, BugORN. (See Miller and Westin), 
1140 
WHALEN, JOHN 
376 
WHEELOCK, FRANK C., JR. 
al.), 247 
WILKINS, EARLE 
al.), 247 
WILLIAMS, G. RAINEY. 
liams), 437 
WILLMAN, V. L., CooPER, THEODORE, ZAFIRA- 
COPOULOS, PANAGIOTIS, AND HANLON, 
C. Routuins. Depression of ventric- 
ular function following elective car- 
diac arrest with potassium citrate, 
792 
RicHARD E., DEALY, JAMES B., JR., 
SApOWSKY, NorRMAN L., CORSON, 
JOSEPH M., AND MURRAY, JOSEPH E. 
Transplantation of homologous bone 
marrow and skin from common mul- 
tiple donors following total body 
irradiation, 261 
WINDSBERG, ESKE. Intestinal obstruction of 
the distal colon due to malignancy; 
single-stage decompression and_re- 
section, 305 
WISE, HENRY M., JR., KNECHT, ALBERT T., 
JR., BEALS, GAROLD 8., AND YESSIS, 
MICHAEL. Observations of the car- 
diovascular system in experimental 
traumatic shock. I. General hemo- 
dynamics, 543 
—, LINDSEY, DOUGLAS, AND KNECHT, ALBERT 
T., JR. Observations of the cardio- 
vascular system in_ experimental 
traumatic shock. II. The nature of 
the ‘‘wound factor,’’ 692 


J., JR. (See MacDonald), 
(See Barnes et 
W., Barnes et 


(Se é 


(See Haller and Wil- 


WILSON, 


WOHLRABE, DonaLp E. (See Kelly and 
Wohlrabe), 725 

Wo.r, 8S. (See Smith et al.), 76 

Woops, WituiAM D. (See DeWeese et al.), 


565 
WoopWARD, Epwarp R. 
Woodward), 364 


(See Ludington and 


Y 


LAWRENCE. (See Rothenberg et 
al.), 496 
YESSIS, MICHAEL. (See Wise et al.), 543 
Young, W. GLENN, JR., SEALY, W. C., 
Brown, Ivan W., JR., SMITH, W. 
W., CALLAWAY, HENRY A., JR., AND 
HARRIS, JEROME 8S. Metabolic and 
physiologic observations on patients 
undergoing extracorporeal  circula- 
tion in conjunction with hypother- 
mia, 175 


YAEGER, 


Z 
ZAFIRACOPOULOS, PANAGIOTIS. (See Willman 
et al.), 792 
ZIMMERMANN, BERNARD. 
109 
ZUBER, SIDNEY. 
ZuckKER, M. B. 


(See Moran et al.), 


(See Hoffert et al.), 810 
(See Howland et al.), 948 














Subject Index* 


A 


Abdominal aorta, cross-clamping distal to 
renal arteries, effect of, on kid- 
neys (Nanson and Noble), 388 
aortic aneurysm, ruptured (Elliot et al.), 
605 
indications for 
(Requarth), 461 
Acid, increased secretion of, experimental pro- 
duction of peptic ulcers without 
(Okinaka et al.), 70 
Adenocarcinoma of large bowel (Gilbertsen), 
1027 
Adenoma of thyroid, proliferating (wuch- 
ernde ‘truma of Langhans) 
(Chesky et al.), 913 
Adrenal-pituitary response following trauma 
to isolated leg (Egdahl), 9 
steroids, relationship of, to postoperative 
electrolyte metabolism (Moran et 


trauma, operation for 


al.), 109 
Adrenocortical response to stress, patterns 
of, influence of Eck fistulas on 


(Donovan et al.), 56 

ileus, postoperative 

al.), 1043 

Aganglionosis of entire colon 
al.), 810 

Alpha-tocopherol in prophylaxis and treat- 
ment of venous thrombosis (Ka- 
wahara), 768 

Ambenonium chloride in treatment of ady- 
namic ileus (Bilbao et al.), 1045 

Ampulla of Vater, carcinoid of (McRae and 
Conn), 902 

Amputations, leg and thigh, major (Dale 
and Capps), 335 

Anesthesia, cyclopropane, effect of, on blood 

coagulation (Howland et al.), 948 

aortic, abdominal, ruptured 
(Elliot et al.), 605 
hepatic artery (Jontz), 896 

Angina pectoris, coronary endarterectomy 
for (Cannon et al.), 197 

Angiocardiographie and aortographie con- 
trast media, neurotoxicity of 
(Lance and Killen), 1107 

Anomalous vertebral-basilar artery commui- 
cations in operations on heart 


Adynamie (Bilbao et 


(Hoffert et 


Aneu rysm, 


and great vessels (Thomas et 
al.), 747 
*July, pp. 1-298; August, pp. 299-474; 


November, pp. 829-1004; December, pp. 


September, 
1005-1182. 


Antibiotics in colon surgery (Cohn), 638 

Antrectomy with vagectomy for chronic 
ducdenal ulcer (Palumbo et al.), 
1005 

vagotomy, and gastroduodenostomy 
vagotomy, antrectomy, and gastro- 
jejunostomy, hydrogen ion con- 
centration in residual gastric 
pouch after (Herrington and Ed- 
wards), 1012 

Aorta, abdominal, cross-clamping distal to 
renal arteries, effect of, on kid- 
neys (Nanson and Noble), 388 

traumatic rupture of (Passaro and Pace), 


and 


787 
Aortic aneurysm, abdominal, ruptured (El- 
liot et al.), 605 
arch, resection of (Kelly and Wohlrabe), 
725 


transplants, thoracic, canine, effect of in- 


duced chronic hypercholesterol- 

emia on (Jordan et al.), 407 
Aortographie and angiocardiographic con- 

trast media, neurotoxicity of 


(Lanee and Killen), 1107 


Aponeurotie fibromas, juvenile (Booher and 
MePeak), 924 
Apparatus for producing standard burns and 


neomycin-hydrocortisone ointment 
in open treatment of experimental 
thermal burns (Meese et al.), 1069 
Appendagitis, epiploic, acute (Case), 1047 
Arterial diagram (Trimble), 805 
embolectomy, late (HB viel), 775 
occlusions, gradual, expe.:mental, with in 
vitro and in vivo observations 
(Litvak and Vineberg), 953 


replacements, failures of homografts as 
(DeWeese et al.), 565 
substitutes, changes in elasticity of, fol- 


lowing implantation (Newton et 
al.), 579 
and venous contrast radiography in still- 
born fetuses (Miller and Westin), 
1140 
renal, cross-clamping abdominal 
aorta distal to, effect of, on kid- 
neys (Nanson and Noble), 388 
Artery aneurysm, hepatic (Jontz), 896 
communications, vertebral-basilar, anoma- 
lous, in operations on the heart 
and great vessels (Thomas et al.), 
747 
pp. 475-650; 


Arteries, 


October, pp. 651-828; 


1172 











SUBJECT 


Artery—Cont’d 
hepatic, peripheral ligation of, late post- 


operative ‘‘hemobilia’’ treated 
with (Andreassen and Linden- 
berg), 870 

Atherosclerosis, autogenous venous shunt 


grafts for (Dale et al.), 145 


Atresia, jejunal, tube jejunostomy in treat- 
ment of: decompensated small 


9o 


bowel (Imparato), 425 

and stenosis, congenital, of small intes- 
tine (Miller and Shumacker), 
973 


C6 


jejunoileal (Phelan et al.), 430 

Atrophie gastritis, experimental production 
of, using preparation of human 
gastric juice (Smith et al.), 76 

Atrophy, ischemic, renal, segmental (Klapp- 
roth et al.), 1084 

Autogenous venous shunt grafts (Dale et 
al.), 145 

Autologous diaphragm, cardiac valve con- 
struction from (Absolon et al.), 
1078 

Autoradiographie studies of fibroblast origin 
in experimental healing wounds 
using tritiated thymidine (Mac- 
Donald), 376 


B 


Bifurcation and earina, primary carcinoma 
of, treated by resection and re- 
construction (Hardin and Fitz- 
patrick), 534 

Bile duct, common, stenosis of lower portion 
of, choledochoduodenostomy in 
treatment of (Schwartz et al.), 
1020 

Blood, cadaver, transfusion of (Petrov), 651 

coagulation, effect of cyclopropane anes- 
thesia on (Howland et al.), 948 
flow, coronary, effect of intra-arterial in- 
jection of radiopaque contrast 
media on (Talbert et al.), 400 
hepatic, and oxygen consumption dur- 
ing total cardiopulmonary bypass 
(Waldhausen et al.), 1118 
flowmeter for extracorporeal surgery 

(Robiesek et al.), 396 

hepatic, mixed, technique for 

sampling, in dogs (Ballinger et 

al.), 806 

whole, homologous, enhancement of ho- 
mografts of skin in adult rabbit 
using elements of (Stark and 
Dwyer), 277 

Body irradiation, total, transplantation of 
homologous bone marrow and 


venous, 


skin from common multiple do- 
nors following (Wilson et al.), 
261 
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Bone growth, stimulation of, by internal 
heating (Richards and Stofer), 
Ss 


marrow and skin, homologous, from com- 
mon multiple donors, transplanta- 
tion of, following tota! body irra- 
diation (Wilson et al.), 261 
Bowel, large, adenocarcinoma of (Gilbert- 
sen), 1027 
small, decompensated: tube jejunostomy 
in treatment of jejunal atresia 
(Imparato), 423 
Breast, carcinoma of (Firor), 996 
Bronechus stapling instrument, Soviet, ex- 
perimental and clinical use of 
(Raviteh et al.), 97 
Burn, thermal, acute, effect of Isoindoline 
on survival of rats subjected to 
(Sehwalb), 383 
toxin; substances released from skin fol- 
lowing thermal injury (Rosen- 
thal), 932 
Burns, thermal, experimental, neomycin-hy- 
drocortisone ointment in open 
treatment of, and apparatus for 
producing standard burns (Meese 
et al.), 1069 
cardiopulmonary, total, hepatic 
blood flow and oxygen consump- 
tion during (Waldhausen et al.), 
1118 


Bypass, 


C 


Cadaver blood, transfusion of (Petrov), 651 
Cancer of colon, advances in treatment of 
(Cohn), 645 
head and neck, detection and treatment 
of, exfoliative cytology in (Sand- 
ler et al.), 479 
Carcinoid of ampulla of Vater (McRae and 
Conn), 902 
Carcinoma of colon (Gilbertsen), 1027 
of esophagus, treatment of (Morrison), 
516 
mammary (Firor), 996 
primary, of carina and bifurcation treated 
by resection and reconstruction 
(Hardin and Fitzpatrick), 534 
Cardiac arrest with potassium citrate, de- 
pression of ventricular function 
after (Willman et al.), 792 
hypertrophy, relationship of, to cirrhosis 
of liver (Cohn), 887 
tamponade, chronic, pericardiectomy for, 
in children (Roshe and Shu- 
macker), 1152 
valve construction from autologous dia- 
phragm (Absolon et al.), 1078 
Cardiopulmonary bypass, total, hepatic 
blood flow and oxygen consump- 
tion during (Waldhausen et al.), 
1118 
Cardiovascular system in experimental trau- 
matic shock, general hemody- 
namics of (Wise et al.), 543 
nature of ‘‘wound factor’’ in (Wise 
et al.), 692 
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Carina and bifurcation, primary carcinoma 
of, treated by resection and re- 
construction (Hardin and _ Fitz- 
patrick), 534 

Catheter, hydrogen electrode, detection and 
direct recording of left-to-right 
shunts with (Clark and Bargeron), 
797 

Caval occlusion, effects of coronary perfu- 
sion on hypothermic myocardium 
during (DeWeese et al.), 733 

Cells, tumor, lymphatic spread of, im tho- 
racic duct ligation (Hatiboglu and 
Moore), 521 

Cholecystitis, acute, surgical treatment of 
(Ossipov), 507 

Choledochoduodenostomy in treatment of 
stenosis of lower portion of com- 
mon bile duct (Schwartz et al.), 
1020 

Chylous pseudoaneurysm (Holmes), 893 

Cireulation, extracorporeal, in conjunction 
with hypothermia, metabolic and 
physiologic observations on pa- 
tients undergoing (Young et al.), 
175 

hemodynamics and metabolism of indi- 
vidual organs during (Halley et 
al.), 1128 

Cirrhosis of liver, relationship of cardiac 
hypertrophy to (Cohn), 887 

Clamp for gastrointestinal surgery (Redo), 
421 

Clotting, protamine inhibition of (Andersen 
et al.). 1060 

Coagulation, blood, effect 
anesthesia on 
948 

Colectomy, subtotal and total, with re-es- 
tablishment of continuity (Glau- 
bitz and McElwain), 656 

total, ileostomy followed by, with pull- 
through ileoproctostomy for agan- 
glionosis of entire colon (Hoffert 
et al.), 806 

Colitis, uleerative, segmental, ileostomy in 
surgical treatment of (Stahlgren 
and Ferguson), 847 

Colon, adenocarcinoma of (Gilbertsen), 1027 

distal, intestinal obstruction of, due to 
malignaney treated by single-stage 
decompression and resection 
(Windsberg), 305 

entire, aganglionosis of (Hoffert et al.), 


of cyclopropane 
(Howland et al.), 


810 
surgery, recent developments in (Cohn), 
638 


Conduction techniques, radiofrequency, for 
biologie investigation (Beljan 
and Berry), 288 
Congenital diverticulum of esophagus (Grant 
and Arneil), 966 
hypertrophie pyloric stenosis, causes of 
difficulty following operation for 
(Handelsman), 624 
and atresia of small intestine 
(Miller and Shumacker), 973 


stenosis 
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viper 
venom by (Miller et al.), 574 


Congo red, inhibition of Russell’s 


Contrast media, angiocardiographic and 
aortographic, neurotoxicity of 


Killen), 1107 
radiopaque, effect of intra-arterial in- 
jection of, on coronary blood 
flow (Talbert et al.), 
radiography, venous and arterial, in still- 
born fetuses (Miller and Westin), 
1140 


(Lanee and 


£OD 


Convalescence, operation and, water and 
electrolyte exchanges during 
9° 


(Hayes et al.), 123 

Cooling, rapid, and surgery at temperatures 
below 20° C. (Shields and Lewis), 
164 

Coronary blood flow, effect of intra-arterial 
injection of radiopaque contrast 


media on (Talbert et al.), 40’ 
endarterectomy for angina pectoris (Can- 
non et al.), 197 


perfusion, effect of, on hypothermic myo- 
cardium during caval occlusion 
(DeWeese et al.), 733 


\ 
3 
Cushion defects, endocardial, st 


irgical treat- 


ment of (MeGoon et al.),- 185 

Cyeclopropane anesthesia, effect of, on blood 
coagulation (Howland et al.), 
948 

Cyst, chylous, pseudoaneurysm due ~ to 
(Holmes), 983 

Cystic fibrosis of pancreas, sudomotor test 


for et al.), 1135 

Cytology, exfoliative, in detection and treat- 
ment of head and neck cancer 
(Sandler et al.), 479 


(Cross 


D 


Decline and fall of scientific societies (Han- 
lon), 1 

Decompensated small bowel: tube jejunos- 
tomy in treatment of jejunal 
atresia (Imparato), 423 

Decompression and resection, single-stage, 
intestinal obstruction of distal 
colon due to malignancy treated 
by (Windsherg), 305 

Defects, endocardial cushion, surgical treat- 
ment of (MeGoon et al.), 185 

musculofascial, Teflon mesh in repair of 

(Ludington and Woodward), 364 

Denervated pouches, totally, of gastrie mu- 
eosa (Merritt and Kelly), 486 

Diagram, arterial (Trimble), 805 

Diaphragm, autologous, cardiac 
struction from (Absolon 
1078 

traumatic rupture of (Grage et al.), 669 

Dilator, duct, common, improved (Barnes), 
513 

Diverticulitis, advances 
(Cohn), 640 

Diverticulum of esophagus, congenital (Grant 

and Arneil), 966 
Meckel’s (Jewett and Butsch), 


con- 
al.), 


valve 
et 


in treatment of 


+40) 

















SUBJECT 


Donors, multiple, common, transplantation 
of homologous bone marrow and 
skin from, following total body 
irradiation (Wilson et al.), 261 


Dressings, wound, minimal, following head 


and neck surgery (Chambers), 
QS? 

Duct dilator, common, improved (Barnes), 
Sis 


bile, common, stenosis of lower portion of, 
choledochoduodenostomy in treat- 
ment of (Schwartz et al.), 1020 
ligation, thoracic (Hatiboglu and Moore), 
521 
thyroglossal, isolated midiine thyroid in 
(Haller and Williams), 437 
uleer, chronic, antrectomy with 
vagectomy for (Palumbo et al.), 
1005 
uleer-bearing portion of, man- 
agement of, during subtotal gas- 


Duodenal 


Duodenum, 


trectomy (Rothenberg et al.), 
496 
KE 
Eck fistulas, influence of, on patterns of 


adrenocortical to stress 


(Donovan et al.), 56 


response 


Ectopia, renal (Bowles and Smith), 539 

Education, medical (Dragstedt), 475 

Elasticity of arterial substitutes, changes 
in, following implantation (New- 
ton et al.), 579 

Electrode catheter, hydrogen, detection and 

direct recording of left-to-right 

shunts with (Clark and Bargeron), 

797 

metabolism, postoperative, re- 
lationship of adrenal steroids to 
(Moran et al.), 109 


Electrolyte 


and water exchanges during operation 
and convalescence (Hayes et al.), 
123 

Embolectomy, arterial, late (Haimovici), 
775 


Endarterectomy, coronary, for angina pec- 
toris (Cannon et al.), 197 

Endocardial cushion defects, surgical treat- 
ment of (MecGoon et al.), 185 

Energy expenditure of surgeons, nurses, and 
anesthesiologists during operative 
procedures (Levey et al.), 529 

Enzymatic determination of pancreatic dis- 
ease, specific polypeptide  sub- 
strates in (Nardi), 30 

Epiploic appendagitis, acute (Case), 1047 

Esophageal varices, treatment of, by partial 


esophagogastrectomy and _inter- 
posed jejunal segment (Habif), 


212 

Esophagogastrectomy, partial, and _ inter- 
posed jejunal segment, treatment 
of esophageal varices by (Habif), 
239 
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Esophagus, carcinoma of, treatment of (Mor- 
rison), 516 
congenital diverticulum of (Grant and 
Arneil), 966 
and stomach, Vesalian woodcut of (Rosen- 
berg), 469 
and pharynx, reconstruction 
(Kragh and Devine), 319 
Exfoliative cytology in detection and treat- 
ment of head and neck cancer 
(Sandler et al.), 479 
Experimental surgery (Edit.), 1162 
Extracorporeal circulation in conjunction 
with hypethermia, metabolie and 
physiologic observations on pa- 
tients undergoing (Young et al.), 
175 
hemodynamics and metabolism of indi- 
vidual organs during (Halley et 
al.), 1128 
blood flowmeter for (Robiesek et 


al.), 396 


upper, of 


surgery, 


F 


Fetuses, stillborn, venous and arterial con- 
trast radiography in (Miller and 
Westin), 1140 

Fibroblasts, origin of, in experimental heal- 

ing wounds: autoradiographic 

studies using tritiated thymidine 

(MaeDonald), 376 

aponeurotic, juvenile 

and MecPeak), 924 

Fibrosis, cystic, of pancreas, sudomotor test 
for (Cross et al.), 1135 

Fistulas, Eck, influence of, on patterns of 
adrenocortical response to stress 
(Donovan et al.), 56 


Fibromas, (Booher 


Flowmeter, blood, for extracorporeal surgery 
(Robiesek et al.), 396 


G 
Gall-bladder disease, inheritance of (Jack- 
son and Gay), 853 
Gallstones, impacted, intestinal obstruction 
eaused by (Jekler), 858 
Gastrectomy, subtotal, management of ulcer- 


bearing portion of duodenum dur- 
ing (Rothenberg et al.), 496 


control of pancreatic secretion 
(Hudock and Lawrence), 682 


Gastri¢ 


hypersecretion following portacaval shunts, 
nature and cause of (Silen and 
Eiseman), 38 
juice, human, experimental production of 
atrophic gastritis using prepara- 
tion of (Smith et al.), 76 
totally denervated pouches 
(Merritt and Kelly), 486 
transection, (Tanner 


mucosa, ot 


upper operation ) 


(Mikkelsen and Pattison), 501 











Gastric—Cont’d 
pouch, residual, hydrogen ion concentra- 
tion in, after vagotomy, antrec- 
tomy, and gastroduodenostomy 
and after vagotomy, antrectomy, 
and gastrojejunostomy (Herring- 
ton and Edwards), 1012 
vagally innervated, isolated, secre- 
tory activity of, in man (Lempke), 
350 
atrophic, experimental production 
of, using preparation of human 
gastric juice (Smith et al.), 76 
Gastroduodenostomy, vagotomy, and antrec- 
tomy, and vagotomy, antrectomy, 
and gastrojejunostomy, hydrogen 
ion concentration in residual gas- 
tric pouch after (Herrington and 
Edwards}, 1012 
Gastrointestinal surgery, 
(Redo), 421 


total, 


Gastritis, 


new clamp for 


and Conn), 


tract, careinoids of (McRae 
902 
Gastr: ostomy, vagotomy, and antrec- 


tomy, and vagotomy, antrectomy, 
and gastroduodenostomy, hydro- 
gen ion concentration in residual 
gastric pouch after (Herrington 
and Edwards), 1012 

Gastroschisis (Cook), 618 

Gradual arterial occlusion, experimental 
(Litvak and Vineberg), 953 

Grafts, shunt, venous, autogenous (Dale et 
al.), 145 

Granulation tissue contained in stainless 
steel wire mesh and polyviny] 
sponge cylinders, histochemical 
changes in, in wound healing 
(Schilling et al.), 702 

Cr wth, bone, stimulation of, by internal 
heating (Richards and Stofer), 
84 


H 


Head and neck cancer, detection and treat- 
ment of, exfoliative cytology in 
(Sandler et al.), 479 
surgery, minimal wound dressings 
lowing (Chambers), 982 
and great vessels, operations on, 
anomalous vertebral-basilar ar- 
tery communications in (Thomas 
et al.), 747 
Heating, internal, stimulation of bone growth 
by (Richards and Stofer), 84 


fol- 


Heart 


‘‘Hemobilia,’’ late postoperative, treated 
with peripheral ligation of he- 
patic artery (Andreassen and 


Lindenberg), 870 
Hemodynamics, general, of cardiovascular 
system in experimental traumatic 
shock (Wise et al.), 543 
and metabolism of individual organs dur- 
ing extracorporeal circulation 
(Halley et al.), 1128 
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Heparin-protamine activity, experimental 
studies of, with reference to pro- 
tamine inhibition of clotting 
(Andersen et al.), 1060 

Hepatectomy, one-stage, for dogs (Starzl et 
al.), 880 

Hepatic artery aneurysm (Jontz), 

peripheral ligation of, late postoperative 
‘*hemobilia’’ treated with (An 
dreassen and Lindenberg), 870 
blood flow and oxygen consumption during 
total cardiopulmonary bypass 
(Waldhausen et al.), 1118 
venous blood, mixed, technique for sam- 
pling, in dogs (Ballinger et al.), 


896 


806 
Hernia, hiatal, symptomatic, and _ peptic 
uleer, association of (Cruze et 


al.), 664 
repair with Marlex mesh (Usher et al.), 

718 

Hiatal hernia, symptomatic and peptic ul- 
cer, association of (Cruze et al.), 
664 

Histochemical changes in granulation tissue 
contained in stainless steel wire 
mesh and polyvinyl sponge-.cylin- 
ders in wound healing (Schilling 
et al.), 702 


Homograft replacement and resection of 
aortic arch (Kelly and Wohlrabe), 
TOR 
725 


Homografts, failures of, as arterial replace- 
al.), 565 


ments (DeWeese et 
of skin in adult rabbit, enhancement of, 
using elements of homologous 
whole blood (Stark and Dwyer), 
277 
Homologous bone marrow and skin from 
common multiple donors, trans- 


plantation of, following total body 
irradiation (Wilson et al.), 261 
whole blood, enhancement of homografts 
of skin in adult rabbit using ele- 
ments of (Stark and Dwyer), 277 
Homotransplant, kidney, functioning, in dog 
(Mannick et al.), 821 


Host factors in malignant disease (Grace 
and Lehoezky), 238 
Hydrocortisone-neomycin ointment in open 


treatment of experimental ther- 
mal burns and apparatus for 
producing standard burns (Meese 
et al.), 1069 
Hydrogen electrode catheter, detection and 
direct recording of left-to-right 
shunts with (Clark and Bargeron), 
797 
ion concentration in residual gastric pouch 
after vagotomy, antrectomy, and 


gastroduodenostomy and_ after 
vagotomy, antrectomy, and gas- 


trojejunostomy (Herrington and 
Edwards), 1012 

Hypercholesterolemia, chronic, induced, ef- 
fect of, on canine thoracic aortic 


transplants (Jordan et al.), 407 
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Hypersecretion, gastric, following porta- 
caval shunts, nature and cause of 
(Silen and Eiseman), 38 

in dogs with portacaval shunt, site of 

origin of agent causing (Clarke 
et al.), 48 

Hypertension, malignant, reno-mesentero- 
aorto-iliac thromboendarterectomy 
in patient with (Starzl and Trip- 
pel), 556 

Hypertrophic pyloric stenosis, causes of dif- 
ficulty following operation for 
(Handelsman), 624 

Hypertrophy, cardiac, relationship of, to cir- 
rhosis of liver (Cohn), 887 

Hypnoanesthesia (Doberneck et al.), 300 

Hypnosis as adjunct to surgical therapy 
(Doberneck et al.), 299 

Hypothermia, extracorporeal circulation in 
conjunction with, metabolic and 


physiologic observations on pa- | 


tients undergoing (Young et al.), 
175 

intracardiac surgery employing (Spencer 
and Bahnson), 987 

and surgery at temperatures below 20° C. 
(Shields and Lewis), 164 

Hypothermie myocardium, effects of coro- 

nary perfusion on, during caval 
occlusion (DeWeese et al.), 733 


I 


lleoproctostomy, pull-through, ileostomy fol- 
lowed by total colectomy with, 
for aganglionosis of entire colon 
(Hoffert et al.), 806 
Ileostomy followed by total colectomy with 
pull-through ileoproctostomy for 
aganglionosis of entire colon 
(Hoffert et al.), 806 
in surgical treatment of segmental ulcera- 
tive colitis (Stahlgren and Fer- 
guson), 847 
Ileus, postoperative (adynamic) (Bilbao et 
al.), 1043 
Implantation, changes in elasticity of ar- 
terial substitutes following (New- 
ton et al.), 579 
myocardial, previous, risk of 
major surgery in patients with 
(Weiss and Weiss), 1095 
Inheritance of gall-bladder disease (Jackson 
and Gay), 853 
Injuries, colon, advances in treatment of 
(Cohn), 638 
Innervated gastri¢e pouch, isolated, secretory 
activity of (Lempke), 350 
Instrument, stapling, bronchus, Soviet, ex- 
perimental and clinical use of 
(Ravitch et al.), 97 
for tightening ligatures (Myers), 964 
Internal heating, stimulation of bone growth 
by (Richards and Stofer), 84 
Interposed jejunal segment, partial esoph- 
agogastrectomy and, treatment 


Infarction, 


of esophageal varices by (Habif), 
212 
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Intestinal lipomatosis (Ling et al.), 1054 
motility, effect of serosal application of 
serotonin on (O’Hara and Cole), 
688 
effect of temperature on 
al.), 873 
obstruction of distal colon due to malig- 
nancy treated by single-stage de- 
compression and resection (Winds- 
berg), 305 
caused by impacted gallstones (Jekler), 
858 
Intestine, large, adenocarcinoma of (Gilbert- 
sen), 1027 
small, congenital stenosis and atresia of, 
(Miller and Shumacker), 973 


Intra-arterial injection of radiopaque con- 
trast media, effect of, on coronary 
blood flow (Talbert et al.), 400 

Intracardiae surgery employing hypothermia 
and coronary perfusion (Spencer 
and Bahnson), 987 


Intracecal pressure studies in dog (Halley), 
343 

Intravascular thrombosis, serotonin in (Sul- 
lenberger et al.), 22 

Ion concentration, hydrogen, in residual gas- 
tric pouch after vagotomy, antrec- 
tomy, and gastroduodenostomy 
and after vagotomy, antrectomy, 
and gastrojejunostomy (Herring- 
ton and Edwards), 1012 


Irradiation, body, total, transplantation of 
homologous bone marrow and 
skin from common multiple do- 
nors following (Wilson et al.), 
261 

Ischemic atrophy, renal, segmental (Klapp- 
roth et al.), 1084 

Isoindoline, effect of, on survival of rats 
subjected to acute thermal burn 
(Sechwalb), 383 


(Salmon et 


J 


Jejunal atresia, tube jejunostomy in treat- 
ment of: decompensated small 

bowel (Imparato), 423 
segment, interposed, partial esophagogas- 
trectomy and, treatment of eso- 
9 


phageal varices by (Habif), 212 
Jejunoileal atresia and stenosis (Phelan et 
al.), 430 
Jejunostomy, tube, in treatment of jejunal 
atresia: decompensated = small 
bowel (Imparato), 423 


K 


Kidney homotransplant, functioning, in dog 
(Mannick et al.), 821 

Kidneys, effect of cross-clamping abdominal 
aorta distal to renal arteries on 
(Nanson and Noble), 388 











L 


Langhans, wuchernde struma of (proliferat- 
ing adenoma of thyroid) (Chesky 
et al.), 915 

Leg, isolated, trauma to, pituitary-adrenal 


response following (Egdahl), § 


and thigh amputations, major (Dale and 
Capps), 333 
Ligation, duet, thoracic (Hatiboglu and 


Moore), 521 
peripheral, of hepatic artery, late post- 
operative ‘‘hemobilia’’ treated 
with (Andreassen and _ Linden- 
berg), 870 
Ligatures, device for tightening 
964 


(Myers), 


Lipoma of stomach (Chodoff and diaz de 
Leon), S41 
Lipomatosis, intestinal (Ling et al.), 1054 


Liver, cirrhosis of, relationship of cardiac 
hypertrophy to (Cohn), 887 

Lymphatie spread of tumor cells in thoracic 
duct ligation (Hatiboglu and 
Moore), 521 

Lymphoma, malignant, primary, of stomach, 
clinical behavior and management 
of (MeNeer and Berg), 829 


M 


Malignancy, intestinal obstruction of distal 
colon due to, treated by single- 
stage decompression and resection 
(Windsberg), 305 
disease, host factors 
and Lehoezky), 238 
hypertension, reno-mesentero-aorto-iliac 
thromboendarterectomy in patient 
with (Starzl and Trippel), 556 
lymphoma, primary, of stomach, clinical 


Malignant in (Grace 


behavior and management of 
(MeNeer and Berg), 829 
melanoma, end results in treatment of 


(Pack), 447 

Mammary carcinoma (Firor), 996 

Marlex mesh, hernia repair with (Usher et 
al.), 718 

Marrow, bone, and skin, homologous, from 
common multiple donors, trans- 
plantation of, following total 
body irradiation (Wilson et al.), 
261 

Meckel’s diverticulum (Jewett and Butsch), 
$40 

Medical edueation (Dragstedt), 475 

Meeting of Society of University Surgeons, 
review of (Richards), 298 

Melanoma, malignant, end results in treat- 
ment of (Pack), 447 

Membrane oxygenator, plastic, influence of 

physical factors upon oxygenation 

with (Benvenuto and Lewis), 1099 

vascular ocelusion, inferior; 
sigmoidoseopie diagnosis (Carter 
et al.), 845 


Mesenteric 


SUBJECT 








INDEX 


Metabolic and physiologic observations on 
patients undergoing extracorpo- 
real circulation in conjunction 
with hypothermia (Young et al.), 

175 

Metabolism, electrolyte, postoperative, 
lationship of adrenal steroids to 
(Moran et al.), 109 

and hemodynamics of individual 

during extracorporeal circulation 
(Halley et al.), 1128 

Mitral valvotomy, transventricular (Cooley 
and Stoneburner), 414 

Motility, intestinal, effect of serosal appli 

cation of serotonin on (O’Hara 

and Coie), 688 

of temperature 

al.), 873 

Mucosa, gastric, totally denervated pouches 
of (Merritt and Kelly), 486 


re- 


organs 


effect on (Salmon et 


Musculofascial defects, Teflon mesh in re 
pair of (Ludington and Wood- 


ward), 364 


Myocardial infarction, previous, risk of 


major surgery in patients with 
(Weiss and Weiss), 1094 


Myocardium, hypothermic, effects of -coro- 
nary perfusion on, during caval 
ocelusion (DeWeese et al.), 733 


N 
Neck and head cancer, detection and treat- 
ment of, exfoliative cytology in 
(Sandler et al.), 479 
surgery, minimal wound dressings fol- 


lowing (Chambers), 982 
Neomycin-hydrocortisone ointment for open 
treatment of experimental ther- 
mal burns and apparatus for pro- 
ducing standard burns (Meese et 
al.), 1069 
Neurotoxicity of angiocardiographie and aor- 
tographie contrast media (Lance 
and Killen), 1107 
personnel, training of, and govern- 
ing of nursing care policy in 
modern hospital, responsibility of 
doctor of medicine in (Edit.), 
444 


Nursing 


O 


Obesity treated with hypnosis (Doberneck 
et al.), 300 
Obstruction, intestinal, of distal 

to malignancy treated by single- 
stage decompression and resection 
(Windsberg), 305 
caused by impacted gallstones (Jekler), 
858 
caval, effects of coronary perfu 
sion on hypothermic myocardium 
during (DeWeese et al.), 733 
mesenteric, inferior; 
scopic diagnosis (Carter 


845 


eolon due 


Occlusion, 


vascular, sigmoido- 


et al.), 
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Occlusions, arterial, gradual, experimental 
(Litvak and Vineberg), 953 

Ointment, neomycin-hydrocortisone, in open 
treatment of experimental ther- 
mal burns and apparatus for 
producing standard burns (Meese 
et al.), 1069 

Operation and convalescence, water and 
electrolyte exchanges during 
(Hayes et al.), 123 

Oxygen consumption and hepatic blood flow 
during total cardiopulmonary by- 
pass (Waldhausen et al.), 1118 

Oxygenator, membrane, plastic, oxygenation 
with, physical factors influencing 
(Benvenuto and Lewis), 1099 


P 


Pain treated with hypnosis (Doberneck et 
al.), 300 

-ancreas, cystic fibrosis of, sudomotor test 
for (Cross et al.), 1135 

Pancreatic disease, specific polypeptide sub- 
strates in enzymatic determina- 
tion of (Nardi), 30 

secretion, gastric control of (Hudock and 

Lawrence), 682 

Peptic uleer and symptomatic hiatal hernia, 
association of (Cruse et al.), 664 

ulcers, experimental production of, with- 

out increased secretion of acid 
(Okinaka et al.), 70 

Perfusion, coronary, effects of, on hypother- 
mic myocardium during caval oe- 
clusion (DeWeese et al.), 733 

Pericardiectomy for chronic cardiae tam- 
ponade in children (Roshe and 
Shumacker), 1152 

Peripheral ligation of hepatie artery, late 
postoperative ‘*hemobilia’’ treated 
with (Andreassen and _ Linden- 
berg), 870 

Pharynx and upper esophagus, reconstruc- 
tion of (Kragh and Devine), 319 

Pituitary-adrenal response following trauma 
to isolated leg (Egdahl), 9 

Plastic membrane oxygenator, influence of 
physical factors upon oxygena- 
tion with (Benvenuto and Lewis), 
1099 

Policy, nursing care, governing of, and 
training of nursing personnel in 
modern hospital, responsibility of 
doctor of medicine in (Edit.), 
444 

Polypeptide substrates, specific, in enzymatic 
determination of pancreatic dis- 
ease (Nardi), 30 

Polyps of colon, advances in treatment of 
(Cohn), 641 

Polyvinyl sponge and stainless steel wire 
mesh cylinders, granulation tis- 
sue contained in, histochemical 
changes in, in wound healing 
(Schilling et al.), 702 





Portacaval shunt, hypersecretion in dogs 
with, site of origin of agent 
eausing (Clarke et al.), 48 

shunts, gastric hypersecretion following, 

nature and cause of (Silen and 
Eiseman), 38 

Postgastrectomy syndrome treated with hyp- 
nosis (Doberneck et al.), 300 

Postoperative ‘‘hemobilia,’’ late, treated 
with peripheral ligation of he- 
patie artery (Andreassen and 
Lindenberg), 870 

pain treated with hypnosis (Doberneck 

et al.), 300 

Potassium citrate, cardiac arrest with, de- 
pression of ventricular function 
after (Willman et al.), 792 

Pouch, gastric, residual, hydrogen ion con- 
centration in, after vagotomy, 
antrectomy, and gastroduodenos- 
tomy and after vagotomy, antrec- 
tomy, and gastrojejunostomy 
(Herrington and Edwards), 1012 

Pouches, denervated, totally, of gastric 
mucosa (Merritt and Kelly), 486 

Pressure studies, intracecal, in dog (Halley), 
343 

Proliferating adenomx of thyroid (wuchernde 
struma of Langhans) (Chesky et 
al.), 913 

Protamine inhibition of clotting (Andersen 
et al.), 1060 

Pseudoaneurysm, chylous (Holmes), 893 

Pulmonary stenosis, valvular, experimental 
production of (Salerno), 758 

Pyloric stenosis, hypertrophic, causes of 
difficulty following operation for 
(Handelsman), 624 


R 


Radiofrequency conduction techniques for 
biologie investigation (Beljan and 
Berry), 288 
Radiography, contrast, venous and arterial, 
in stillborn fetuses (Miller and 
Westin), 1140 
Radiopaque contrast media, effect of intra- 
arterial injection of, on coronary 
blood flow (Talbert et al.), 400 
Reconstruction of pharynx and upper esoph- 
agus (Kragh and Devine), 319 
resection and, primary carcinoma of carina 
and bifureation treated by (Har- 
din and Fitzpatrick), 534 
Recording, direet, and detection of left-to- 
right shunts with the hydrogen 
electrode catheter (Clark and 
Bargeron), 797 
Rectum, adenocarcinoma of (Gilbertsen), 
1027 
Renal arteries, cross-clamping abdominal 
aorta distal to, effect of, on kid- 
neys (Nanson and Noble), 388 
ectopia (Bowles and Smith), 539 
ischemic atrophy, segmental (Klapproth 
et al.), 1084 


ee re oe 











1180 


Reno-mesentero-aorto-iliac thromboendarterec- 
tomy in patient with malignant 
hypertension (Starzl and Trippel), 
556 

Research, student, required (Edit.), 635 

Resection of aortic arch (Kelly and Wohl- 
rabe), 725 

of colon, extent of (Cohn), 644 

decompression and, single-stage, intestinal 
obstruction of colon due to malig- 
nancy treated by (Windsberg) , 305 

and reconstruction, primary carcinoma of 
-arina and bifureation treated by 
(Hardin and Fitzpatrick), 534 

Review of meeting of Society of University 
Surgeons (Richards), 298 

Rupture of aorta (Passaro and Pace), 

traumatic, of diaphragm (Grage et 
669 

Ruptured abdominal aortic aneurysm (Elliot 

et al.), 605 

viper venom, inhibition 

Congo red (Miller et al.), 


787 
mn.) 


of, by 


ofl 


Russell’s 


8 


Scientific societies, decline and fall of (Han- 
lon), 1 
Secretion of acid, increased, experimental 
production of peptie ulcers with- 
out (Okinaka et al.), 70 
pancreatic, gastric control of (Hudock 
and Lawrence), 682 
Secretory activity of isolated, vagally in- 
nervated, total gastric pouch in 
man (Lempke), 350 
surgical: impressions 
(Barnes et al.), 247 
Serosal application of serotonin, effect of, 


Sepsis, and facts 


on intestinal motility (O’Hara 
and Cole), 688 
Serotonin in _ intravascular thrombosis 


(Sullenberger et al.), 22 
serosal application of, effect of, on intes- 
tinal motility (O’Hara and Cole), 
688 
Shock, traumatic, experimental, cardiovas- 
cular system in, nature of 
‘wound factor’’ in (Wise et al.), 
692 
general hemodynamics of (Wise et 
al.), 543 
Shunt grafts, venous, autogenous (Dale et 
al.), 145 
portacaval, hypersecretion in dogs with, 
site of origin of the agent caus- 
ing (Clarke et al.), 48 
Shunts, left-to-right, detection and direct 
recording of, with hydrogen elec- 
trode catheter (Clark and Bar- 
geron), 797 
portacaval, gastric hypersecretion follow- 
ing, nature and cause of (Silen 
and Eiseman), 38 
Sigmoidoscopic diagnosis of inferior mesen- 
teric vascular occlusion (Carter 
et al.), 845 


SUBJECT INDEX 


Skin and bone marrow, homologous, from 
common multiple donors, trans- 
plantation of, following total 
body irradiation (Wilson et al.), 
261 

closure in gastroschisis (Cook), 618 

homografts in adult rabbits, enhance- 
ment of, using elements of homol- 
ogous whole blood (Stark and 
Dwyer), 277 

substances released from, following ther- 


mal injury; burn toxin (Rosen- 
thal), 932 
Societies, scientific, decline and fall of 


(Hanlon), 1 
Society of University Surgeons issue, 1-298 
review of meeting of (Richards), 298 
Soviet bronchus stapling instrument, experi- 
mental and celinical use of 
(Ravitch et al.), 97 
Species difference (Edit.), 819 
steel wire mesh and 
sponge cylinders, granulation tis- 
sues contained in, histochemical 
changes in, in wound healing 
(Schilling et al.), 702 
Stapling instrument, bronchus, Soviét, ex- 
perimental and clinical use of 
(Ravitch et al.), 97 
and atresia, jejunoileal (Phelan et 
al.), 430 
small intestine, congenital 
and Shumacker), 973 
of lower portion of common bile duct, 
choledochoduodenostomy in treat- 
ment of (Schwartz et al.), 1020 
pulmonary, valvular, experimental produc- 
tion of (Salerno), 758 
pyloric, hypertrophic, causes of difficulty 
following (Handelsman), 624 
adrenal, relationship of, to post- 
operative electrolyte metabolism 
(Moran et al.), 109 
and esophagus, Vesalian 
of (Rosenberg), 469 
lipoma of (Chodoff and diaz 
841 
primary malignant lymphoma of, clinical 
behavior and management of 
(MeNeer and Berg), 829 
Stress, adrenocortical response to, patterns 
of, influence of Eck fistulas on 
(Donovan et al.), 56 
wuchernde, of Langhans 
erating adenoma of 
(Chesky et al.), 913 
Student research, required (Edit.), 63 


Stainless polyvinyl 


Stenosis 


of (Miller 


Steroids, 


Stomach woodcut 


Leon), 


de 


(prolif- 


Struma, 
thyroid) 


5 


Submucous lipomas of intestine (Ling et 
al.), 1054 

Substrates, polypeptide, specific, in en- 
zymatic determination of pan- 


creatic disease (Nardi), 30 
Suction, wound, postoperative, sterile, con- 
stant, new technique of (Breslau 
et al.), 711 
Sudomotor test (Cross et al.), 1135 




















SUBJECT INDEX 


University, Society of, issue, 
1-298 
review of meeting of (Richards), 298 
Surgery, colon, recent developments in 
(Cohn), 638 
experimental (Edit.), 1162 
gastrointestinal, new clamp for (Redo), 
421 
head and neck, minimal wound dressings 
following (Chambers), 982 
intracardiac, employing hypothermia 
(Spencer and Bahnson), 987 
rapid cooling and, at temperatures below 
20° C. (Shields and Lewis), 164 
and x-ray, comparison of, in treatment of 
carcinoma of esophagus (Morri- 
son), 516 
sepsis: impressions 
(Barnes et al.), 247 
sutures, story of (Goldenberg), 908 
therapy, hypnosis as adjunct to (Dober- 
neck et al.), 299 
Sutures, surgical, story of (Goldenberg), 908 


Surgeons, 


Surgical and facts 


1 


Tamponade, cardiac, chronic, pericardiec- 
tomy for, in children (Roshe and 
Shumacker), 1152 

Tanner operation (upper gastric transec- 
tion) (Mikkelsen and Pattison), 
501 

Teflon mesh in repair of musculofascial de- 
fects (Ludington and Wood- 
ward), 364 

Temperature, effect of, on intestinal motility 
(Salmon et al.), 873 

Temperatures below 20° C., rapid cooling 

I » Tay 
and surgery at (Shields and 
Lewis), 164 

Test, sudomotor (Cross et al.), 1155 

Thermal burn, acute, effect of Isoindoline 
on survival of rats subjected to 
(Schwalb), 383 

burns, experimental, neomycin-hydrocorti- 
sone ointment in open treatment 
of, and apparatus for producing 
standard burns (Meese et al.), 
1069 

injury, substances released from skin fol- 
lowing; burn toxin (Rosenthal), 
932 

Thigh and leg amputations, major (Dale 
and Capps), 

Thoracie aortic transplants, canine, effects 
of induced chronic hypercholes- 
terolemia on (Jordan et al.), 407 

duct ligation (Hatiboglu and Moore), 521 

Thromboembolism, venous (Shadid), 588 

Thromboendarterectomy, reno-mesentero-aorto- 
iliac, in patient with malignant 
hypertension (Starzl and Trippel), 
556 


99 
vo 








1181 


Thrombosis, intravascular, serotonin in (Sul- 
lenberger et al.), 22 
alpha-tocopherol in prophylaxis 
and treatment of (Kawahara), 
768 
experimental production of (Rosenberg 
et al.), 764 
Thymidine, tritiated, used in autoradio- 
graphic studies of origin of fibro- 
blasts in experimental healing 
wounds (MacDonald), 376 
Thyroglossal duct, isolated midline thyroid 
in (Haller and Williams), 437 
Thyroid, midline, isolated, in thyrog‘ossal 
duct (Haller and Williams), 437 
proliferating adenoma of (wuchernde 
struma of Langhans) (Chesky et 
al.), 913 
Toxin, burn; substances released from skin 
following thermal injury (Rosen- 
thal), 932 
Training of nursing personnel and governing 
of nursing care policy in modern 
hospital, responsibility of doctor 
of medicine in (Edit.), 444 
Transection, gastric, upper (Tanner opera- 
tion) (Mikkelsen and Pattison), 
501 
Transfusion of cadaver blood (Petrov), 651 
Transplantation of homologous bone marrow 
and skin from common multiple 
donors following total body irra- 
diation (Wilson et al.), 261 
Transplants, aortic, thoracic, canine, effect 
of induced chronie hypercholes- 
terolemia on (Jordan et al.), 407 
Transventricular mitral valvotomy (Cooley 
and Stoneburner), 414 
Trauma, abdominal, indications for opera- 
tion for (Requarth), 461 
to isolated leg, pituitary-adrenal response 
following (Egdahl), 9 
Traumatic rupture of aorta (Passaro and 
Pace), 787 
of diaphragm (Grage et al.), 669 
shock, experimental, cardiovascular sys- 
tem in, general hemodynamics of 
(Wise et al.), 543 
nature of ‘‘wound factor’’ in (Wise 
et al.), 692 
thymidine used in_ autoradio- 
graphie studies of fibroblast ori- 
gin in experimental healing 
wounds (MacDonald), 376 
Tube jejunostomy in treatment of jejunal 
atresia: decompensated = small 
bowel (Imparato), 423 
Tumor cells, lymphatic spread of, in thoracic 
duct ligation (Hatiboglu§ and 
Moore), 521 
Tumor, Wilms’s (Owings and Radakovich), 
864 
-host relationship factors in man (Grace 
and Lehoezky), 238 


venous, 


Tritiated 
















































1182 SUBJECT 


U | 
Ulcer-bearing portion of duodenum, manage- 
ment of, during subtotal gastrec- 
tomy (Rothenberg et al.), 496 
duodenal, chronic, antrectomy with vagec- 
tomy for (Palumbo et al.) 1005 
peptic and symptomatic hiatal hernia, asso- 
ciation of (Cruze et al.), 664 
experimental production of, without in- 
creased secretion of acid (Oki- 
naka et al.), 70 
Uleerative colitis, segmental, ileostomy in 
surgical treatment of (Stahlgren 
and Ferguson), 847 
University Surgeons, Society of, issue, 1-298 
review of meeting of (Richards), 298 


Vv 

Vagectomy, antrectomy with, for chronic 
duodenal ulcer (Palumbo et al.), 
L005 

Vagotomy, antrectomy, and gastroduodenos- 
tomy and vagotomy, antrectomy, 
and gastrojejunostomy, hydrogen 
ion coneentration in residual gas- 
tric pouch after (Herrington and 
Edwards), 1012 

Valve, cardiac, construction from autologous 
diaphragm (Absolon et al.), 1078 

Valvotomy, mitral, transventricular (Cooley 
and Stoneburner, 414 

Valvular pulmonary stenosis, experimental 
production of (Salerno), 758 

Varices, esophageal, treatment of, by par- 
tial esophagogastrectomy and in- 
terposed jejunal segment (Ha- 
bif), 212 

Vascular occlusion, mesenteric inferior; sig- 
moidoseopic diagnosis (Carter et 
al.), 845 

Vena cava, inferior, preservation of, in one- 
stage hepatectomy for dogs 
(Starzl et al.), 880 

Venom, viper, Russell’s, inhibition of, by 
Congo red (Miller et al.), 374 

Venous and arterial contrast radiography in 
stillborn fetuses (Miller and 
Westin), 1140 

blood, hepatic, mixed, technique for sam- 

pling, in dogs (Ballinger et al.), 


S06 
shunt grafts, autogenous (Dale et al.), 
145 


thromboembolism (Shadid), 588 


INDEX 


Venous—Cont ’d 
thrombosis, alpha-tocopherol in prophy- 
laxis and treatment of (Kawa- 
hara), 768 
experimental production of (Rosenberg 
et al.), 764 
Ventricular function, depression of, after 
cardiac arrest with potassium cit- 
rate (William et al.), 792 
Vertebral-basilar artery, anomalous, com- 
munications in operations on 
heart and great vessels (Thomas 
et al.), 747 
Vesalian woodcut of esophagus and stom- 
ach (Rosenberg ), 469 
Vessels, great, and heart, operations on, 
anomalous’ vertebral-basilar ar- 
tery communications in (Thomas 
et al.), 747 
Viper venom, Russell’s, inhibition of, by 
Congo red (Miller et al.), 374 


Ww 


Water and electrolyte exchanges during 
operation and convalescence 
(Hayes et al.), 123 

Wilms’s tumor (Owings and Radakovich), 


S64 

Wound dressings, minimal, following head 
and neck surgery Chambers), 
982 


healing, histochemical changes in granu- 
lation tissue contained in stain- 
less steel "wire mesh and _ poly- 
vinyl sponge cylinders (Schilling 
et al.), 702 
suction, postoperative, sterile, constant, 
new technique of (Breslau et al.), 
gh 
‘Wound factor,’’ nature of, in cardiovas- 
cular system in_ experimental 
traumatic shock (Wise et al.), 
692 
Wounds, healing, experimental, origin of 
fibroblasts in; autoradiographic 
studies using tritiated thymidine 
(MacDonald), 376 
Wuchernde struma of Langhans (proliferat- 
ing adenoma of thyroid), (Chesky 
et al.), 913 


X 


X-ray and surgery, comparison of, in treat- 
ment of carcinoma of esophagus 
(Morrison), 516 


























‘Published by THE C. v. MOSBY COMPANY, St. Louis, U..S. A. 


+ 





INDEX NUMBER_ | 


Vol. 46 DECEMBER, 1959) () [4 4g59 No. 6 


SURGERY 


A Monthly Journal Devoted to the 


Art and Science of. Surgery 


EDITORS 


ALTON OCHSNER, New Orleans OWEN H. WANGENSTEEN, Minneapolis 

ASSOCIATE EDITORS a 
ALFRED BLALOCK, Baltimore WARREN H. COLE, Chicago 
I. S. RAVDIN, Philadelphia CLARENCE DENNIS, Brooklyn 
JOHN R. PAINE, Buffalo J. GARROTT ALLEN, Chicago 


MARK M. RAVITCH, Baltimore 


OFFICIAL PUBLICATION 


SOCIETY OF UNIVERSITY SURGEONS 
SOCIETY FOR VASCULAR SURGERY 


Original Communications 


Antrectomy With Vagectomy for Chronic Duodenal Ulcer. Louis T. Palumbo, 
M.D., Wendell S. Sharpe, M.D., Donald J. Lulu, M.D., Raymond Vespa, M.D., 
and Juan Colon-Bonet, M.D., Des Moines, Iowa ____..__---_--____-_____.__1005 


A Comparative Study of the Hydrogen Ion Concentration in the Residual Gastric 
Pouch Following Vagotomy, Antrectomy, and Gastroduodenostomy and Fol- 
lowing Vagotomy, Antrectomy, and Gastrojejunostomy. J. Lynwood Herring- 
ton, Jr., M.D., and William H. Edwards, M.D., Nashville, Tenn. ___________- 1012 


Choledochoduodenostomy in the Treatment of Stenosis of the Lower Portion of the 
Common Bile Duct. Frederick Schwartz, M.D., Albert Benshimol, M.D., and 
pase Teens, Bee, SOOgeem, B Fs. k.6.2.2 seeds 8 1020 


Adenocarcinoma of the Large Bowel. Victor A. Gilbertsen, M.D., Minneapolis, 
RS os ; es a os acct rg er ec a eos ns Sees Pac 


(Contents continued on inside back cover) 





SURGICAL 


SHOCK 


THOUSANDS NOW SURVIVE 


with today’s improved management of 
shock, including the use of Levophed. 

















With Levophed “...necessary surgical 
procedures were attempted which 
could not otherwise have been done.” 
... the most potent and fastest acting 


of the vasopressor ——" 


- 2 Le n oo 

and K 

jd 

a C V 0 yp eC ca 
ere hap on ressor wey ormone 
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BLOCKAIN 





a pause for reflection... Operation finished. q You sit back and 
relax. Blockain* anesthesia lasted long enough with one sinall injection so that you 
were easily able to proceed from incision to closure without pause for reinjection. 
Longer anesthetic duration... You did that accurate reapproximation of skin 
edges without distortion from freshly introduced anesthetic. And more, Blockain 
persisted post op.—you had no complaints of uncomfortable splints, dressings or 
tender tissues. Rapid onset, too... You recall that the pre-incision wait was 
avoided. A case to remember: A 78-year-old patient, arteriosclerotic, poor liver 
function with a transcervical fracture of left femur, underwent a one-hour-and-20- 
minute operation, involving internal fixation of the fracture and the placement of a 
Smith-Petersen nail, with one injection of Blockain. Effect of anesthetic: ‘excel- 
lent.”” Onset of anesthesia: “rapid.” Only 60 cc. of Blockain was used. A whiff of 
nitrous oxide was given at the time of actual hammering, to spare the patient emo- 
tional trauma. There were no side effects. BLOCKAIN, 30 cc., 0.5% (5 mg./cc.). 
Write GEORGE A. Breon & co., 1450 Broadway, N. Y. 18 for additional information. 


® BRAND OF PROPOXYCAINE HYOROCHLORIDE BREON, 


*PROPOXY DERIVATIVE OF 2-DIETHYLAMINOETHYL 4-AMINOBENZOATE. BLOCKAIN’ 
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patient distress 
can be prevented... 


COZYME “ 


(d-pantotneny! alcohol, Travenol) 


A Routine Procedure for the Early 
Resumption of Postpartum 
Intestinal Activity 


¢ effectively prevents and corrects 
abdominal distention... and 
retention of flatus and feces 

e restores normal peristaltic activity, 
physiologically 

because COZYME supplies the active 

molecular component of coenzyme 

A—pantothenic acid—which 

is essential in the formation of 

acetylcholine, the chemical mediator 

of nerve impulse transmission 

governing intestinal motility. 


Supplied: COZYME 10 ml. multiple 
dose vial containing 250 mg. per ml. 

of d-pantothenyl alcohol with 0.45% 
Phenol added as preservative. 

COZYME 2 ml. single dose vial 
containing 250 mg. per ml. of 
d-pantothenyl alcohol. 25 vials per carton. 


TRAVENOL LABORATORIES, INC, 


Pharmaceutical Products Division of 
Baxter Laboratories Inc. 


Morton Grove, Illinois: 
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in permanent buckram, 
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Therapeutic vitamins in the “therapeutic” jar 


Any severe disease process undermines the nutritional integrity of tissue.! To counteract physiologic 


stress depletion of B and C vitamins, prescribe high potency STRESSCAPS ... in burns... fractures 

.. severe infection ... surgery ...and in chronic disorders such as arthritis, alcoholism or colitis. 

The attractive STRESSCAPS jar also plays an important therapeutic role... reminding the patient 
of his daily dosage . . . assuring adequate intake for full metabolic support. 


Each capsule contains: 





Thiamine 
Mononitrate (B,).... 10mg. 

Riboflavin (B,) ....... 10 mg. 

Niacinamide ......... 100 mg. 

Ascorbic Acid (C)..... 300 mg. 

Pyridoxine HC! (B,)... 2 mg. 

Le | ere 4 mcgm. 

3. Se 1.5 mg. 

Calcium Pantothenate. 20 mg. 

Vitamin K (Menadione). 2 mg. 

Average dose 1-2 capsules daily. Stress Formula Vitamins Lederle 





1. Spies, T. D.: J. A.M. A. 
167:675 (June 7) 1958. 


C2 \EDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Peari River, N. Y. 
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ARE YOU 
ACHIEVING 
TRUE COLD 


STERILIZATION ? 








IS LETHAL TO— FUNGI, BACTERIA, VIRUSES, RESISTANT 
SPORES —IN LESS THAN 1 HOUR—AND YET IS NON-TOXIC! 





"RIK ~=WAREXIN 


a : 
WAREXIN 
meee te STERILIZATIO: 


‘OR THE PURPOSE OF 
"ENTING SPREAD OF DIS! 


‘ve ingredient: Active ch 
»¢d from calcium hypochi2 
Distributed by 


DAVOL RUBBER COMPAN! 


ovidence, R_ 1, USA 


"7-1 41) Fe @d ola ot- Ceol di alam ¢-loige] ©] Mel M@ah dé sloloialiolgelel—irel ia hi: te 
ahvZ-1—9 Bn codes dalloialm ol" lai-1 ctu al- 04-08 ol-1-lale-Celel-o Mb ielal—jc-loli iia 
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PREVENT CROSS-INFECTION! 


Sterilize with WAREXIN 


Can safely be used for: 


1. All instruments made of stainless steel or other 
widely used corrosion-resistant alloys — even fine stainless 
hypodermic needles. 


2. Articles made of rubber, plastic, non-porous fibers, 
glass, porcelain, enamel. 


3. Complex equipment such as anaesthesia apparatus, heart-lung 
machines, artificial kidneys, etc. 


4. Containers such as colostomy bags, urinals, air filters. 


9. Special surfaces: hospital and laboratory walls, floors, tables. 


MIX WITH ORDINARY TAP WATER 














_ water Just edd 1 level measure 
to each quart of tap water. 
: ‘Warexin. solution gives you _ 
_ effective kill in 1 hour or less. 


ECONOMICAL! A 5 oz. bottle — 

makes 12-16 quarts of 
solution. Cost: approximately 
27¢ a quart! 





»7.\' fe) 5 RUBBER COMPANY 


PROVIDENCE 2, R. f. 


Lattimer, John K., and Spirito, A. L.: Clorpactin for Tuberculosis cystitis: Instrument sterilization, Journ. of Urology, Vol. 
73, No. 6, June, 1955. * Wolinsky, E., Smith, M. M. and Steenken, Wm. Jr., Tuberculocidal Activity of Clorpactin. A New 
Chlorine Compound, Antibiotic Medicine, 1:382-384, July, 1955. * Sanders, Murray and Soret, M. G.: Virucidal activity of 
WCS-90, Antibiotics and Chemotherapy, Vol. V, No. 11, Nov. 1955. * Gliedman, M. L., Lt. (MC) USNR, Grant, R. N. Capt. 
(MC) USN, Vestal, B.L., B.S., and Karlson, K..£., M.D.; Impromptu Bowel Cleansing and Sterilization, Surgery, 43:282-287. 
© From The Textbook, Extracorporeal Circulation, Edited by Dr. J. Garrott Allen, Page 87; Charles C. Thomas, Publisher. 
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MANY CANCERS ARE CURABLE... NOW. These are 
words of hope for the thousands of cancer patients who see 
their physicians in time. 

Tremendous gains can be made... now...in three of the most 
common cancer sites: breast, cervix, rectum. The annual health 


checkup can often detect early cancers in these sites at a time 
when presently available methods of treatment can effect many 


more cures than are being achieved today. 

The American Cancer Society, therefore, in its broad public 
education program, emphasizes the importance of annual 
physical examinations for all adults. 


Together an alerted public and the medical profession can win 
a major victory over cancer... now. 
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SALICYLATE 


(Brand of carbazochrome salicylate) 


OPERATING ROOM Hs scumatmmenenive 


millions of doses 


blood i 
oe ee ae 
in is 0 import- 

ance.'* Adrenosem vel ie bleed - 
ing oozing by decreasing exces- 
sive capillary permeability and pro- 
moting the retraction of severed 
capillary ends.'- 


Surgical Use 

_ ees hes bleeding p Diaiaes 

pepe Ww resents 
blem. Minimal bleeding pro- 
es a clearer operative field and 

faciitiatés operative procedures.*””* 

Postoperatively, it lessens the need 

transfused 


for sae. 13,16,18,20,23 


Medical Use . 
Adrenosem is an effective hemostatic 
— vascular anomalies exist, such 


Pepe iomege , epistaxis, 
ond others. 13-6.9-11,27-29 At recom- 


mended dosage levels there are no 
conthalandionaide. 

Supplied: Ampuis, 1 cc., 5 mg.; 
Tablets, 1 and 2.5 mg.; Syrup, each 
5 ce., 2.5 mg. Potency ‘of all dosage 
forms is stated in terms of the active 
inaretett adrenochrome mono- 


Write for descriptive literature and dosage | 
schedules 4 


*U. S. Pat. 2581850, 2506294 





THE s. E. MASSENGILL COMPANY 
BRISTOL, TENNESSEE « NEW YORK « KANSAS CITY « SAN FRANCISCO 









drenosem 


SALICYLATE 
(Brand of carbazochrome salicylate) 






effective in more than 
200 clinical disorders 


Adrenosem has proved effective, both prophylactically 
and therapeutically, in numerous operative procedures 
and pathological conditions. Following is a partial 

list of the many indications for Adrenosem. 
















tonsillectomy adenoidectomy pharyngectomy mastoidectomy 


ctomy myoplasiy septectomy turbinectomy rhinoplasty laryngectomy epig| 





oF y pneumonectomy pleurectomy 






Matoplasty cheiloplasty woulectomy 


proctecttomy proctopexy sphincteri 







tomy hernioplasty 


‘action skin grafts ¢ i Mcrmabrasion gastrointestinal blee 






xis metrorrhagia 






” Capillary hemc 






BRISTOL, TENNESSEE - NEW YORK + KANSAS CITY + SAN FRANCISCO 
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Edited by H. F. MOSELEY, 
M.A., D.M., M.Ch. (Oxon), 
F.A.C.S., F.R.C.S. (Eng.), 
Assistant Professor of Sur- 
gery, McGill University; As- 
sociate Surgeon Royal Vic- 
toria Hospital, Montreal, 


Canada. Published Febru- 


ary, 1959. 3rd edition, 1336 
pages, 6%” X 10”, 738 text 
illustrations, 108 color plates. 
Price, $17.00. 


Use This 
Coupon to 
Order on 
10 Day 
Approval! 


December, 1959 


Are You Looking for the 
“Perfect” Book on Surgery? 


Examine this new 3rd edition of 


TEXTBOOK OF SURGERY 


Edited by H. F. Moseley, M.A., D.M., F.A.C.S. 
Written by 40 Well Known Clinicians and Surgeons 


As you well realize, doctor, “perfection” is a nebulous, virtually 
unattainable state—a criterion that varies with the judgment of 
the individual. If your evaluation of the “perfect” book on 
surgery is one that is fresh, concise, up-to-date and well 
rounded, you must examine the new 3rd edition of TEXT- 
BOOK OF SURGERY. 


For here is a surgical textbook that is truly up-to-date—that is 
well rounded without undue emphasis on the surgery of any 
one part of the body—that is copiously illustrated with over 
700 text photographs and drawings and well over 100 color 
plates in a field where visual aid is so important. Integrating 
basic principles with clinically tried procedures, this book 
gives you “reasons why” certain procedures are recommended 
so that it can help you understand the thinking behind all 
types of surgery. 


Edited by Dr. H. F. Moseley and written by 40 outstanding 
surgeons and educators, the new 3rd edition of this popular 
book has been completely revised, expanded and brought up 
to date to include all the recent advances in surgery. Included 
in the staff of 40 contributors are 12 new contributors; the 
entire group worked as a closely knit team to produce a book 
strong in every area. 


The sections on surgery of the heart, great vessels and lungs 
have been completely rewritten and an important new chapter 
on “Pediatric Surgery” written by Dr. Harvey E. Beardmore 
and Dr. Gordon M. Karn add much to the value of this re- 
vision. The addition of new illustrations and new color plates 
which now total well over 100 make this the most profusely 
illustrated surgery textbook available today. 


The C. V. Mosby Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


Dear Sir: 
Please send me on 10 day approval a copy of Moseley’s TEXTBOOK OF 
SURGERY, priced at $17.00. I understand that if I am not completely 
satisfied, I can return the book within 10 days with no charge or obligation. 
If remittance is enclosed, publisher pays the mailing charges. 
[] Payment enclosed [] Charge my account 
(Same return privilege ) 
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Mark makes news in heart-lungs .. . 


Now — interchange oxygenators and pump 
systems with building-block versatility 


Mark, only manufacturer to offer four clinically 
proven types of oxygenators, is now first to develop 
interchangeable oxygenator and pump systems. You 






oxygenators (and many oxygenators made by others) 
on the same basic pump unit... always have the 
equipment you need to fit new techniques and 

















can quickly and easily set up any of the Mark 


choose any 


of these 
four proven 


oxygenators 


Oxygen-CO- 
through thin 
which allows 


or more per 


be announced 








THE MAR K company 


RANDOLPH, MASS. 


31 WEST STREET, 
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MARK-CLOWES 
MEMBRANE OXYGENATOR 


with blood return being positive. No 
danger of entraining bubbles during 
perfusion. Flow rates of 80 cc/min. 


weight. Completely new model to 
















OXYGENATOR 
mixture is diffused 
Teflon membranes, 
a fixed-volume flow 


kilog. of patient’s 


shortly. 


changing needs. 








MARK-COOLEY 


Completely autoclavable bubble dif- 
fusion oxygenator based on the origi- 
nal work of Drs. R. S. DeWall and 
C. W. Liilehei “ith further develop- 
ment work by Dr. Denton A. Cooley. 
All-stainless oxygenator makes possi- 
ble fast, complete sterilization. Mark- 
DeBakey pumps make possible flow 
rates in excess of 3 liters per minute. 






MARK DISC OXYGENATOR 


Mark’s development program, augmented 
by cooperation with leading surgeons and 
several years of manufacturing experience, 
has led to several improvements in disc oxy- 
genators. These include new safety features 
built into end plates, new sensing device and 
an integrated, continuously variable, cali- 
brated disc drive. Oxygenator efficiency is 
increased by dual oxygen inlets. Five sizes 
available ranging in length from nine to 
twenty-one inches. Completely automatic 
model also available. 


COMPLETELY NEW MARK IV 
SCREEN OXYGENATOR 


Includes versatility, compactness, safety 
and automation never before offered. Im- 
portant new features include dry filming 
(no saline wetting required), lower priming 
volume, completely automatic and manual 
controls, venae cavae sensing by transducer 
and many others. 





... Mount it on this basic pump unit 


New Mark-DeBakey Pump Unit (shown 
with Disc Oxygenator 3600 TVD) fea- 
tures tubing guide and clear lucite pump 
covers. Adjustable pump rotors allow 
instant change from occlusive to non- 
occlusive flow. Tubing changes in sec- 
ords by loosening hinged wing nut. 
Stroke volume and flow can be changed 
instantly. Occluded pump can be used 

















Heart-Lung Apparatus 


Defibrillator 


as a flow meter. Now being used exten- 
sively for tumor, kidney, brain and 
coronary perfusion. 

Finest quality explosion-proof motors 
with speeds continuously variable from 
0 to 350 rpm. Silent electrical controls. 
Totally enclosed, mobile cabinet of 
stainless steel simplifies sterilization. 
Write for complete information. 





Respirometer 





Visual and recording flowmeter 
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in surgical, therapeutic, 
and diagnostic procedures 


specific advantages 


- rapid, smooth induction 

- evenly sustained surgical plane 
of anesthesia 

- prompt, pleasant recovery 

- relative freedom from 
laryngospasm and bronchospasm 


SURITAL 


SODIUM 


ultrashort-acting intravenous anesthetic 


Detailed information on SURITAL Sodium 
(thiamylal sodium, Parke-Davis) is avail- 
able on request. 


os. 


‘Pp: PARKE, DAVIS & COMPANY 
=o Detroit 32, Michigan 

















¥ “tifter surgery... 


‘apply a bacterial barrier 





agiainst resistant Staph. 


AEROPLAST?® surgical dressing 


shuts out Staphylococcus aureus—and all other contami- 
nants—with the speed of a spray ... with the strength 
of plastic. The sprayed-on Aeroplast film forms a trans- 
parent occlusive barrier which provides “a window on 
the wound” permitting visual inspection at any time... 
yet protects the incision against contamination and 
irritation from exudates, urine and feces. Aeroplast’s 
yellow tint helps to define the area dressed .. . aids in 
controlling application. 


Literature is available on request. 


New 16 mm. color-sound film: 
“The Use of Aeroplast Dressing 
in Surgical Wounds,” is available 
for showings on request. 





Rx is not requirse. 


%4, CORPORATION, 420 Dellrose Avenue, Dayton 3, Ohio 





®Aeroplast — U S. Pat. No. 2,804,073 
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In hypoprothrombinemia 


AONAKION 


Rapid action rate of absorption faster than menadione or derivatives... 
more potent and lasting effects. 








Wide margin of safety substantially safer than vitamin-K analogues—no kernicterus 
reported. 
Versatility of administration capsules for oral use... fine aqueous dispersion for parenteral 
administration. 
Compatibility unlike vitamin-K analogues or similar products, the paren- 


teral form of Konakion is a fine aqueous dispersion compatible 
with most I.V. vehicles. 


Low dosage forms no excess, no waste— packaged for economical one-time use. 


Prophylactically and therapeutically, Konakion is indicated in obstetrics to prevent or control 
neonatal hemorrhage, to minimize excessive bleeding in surgery, to offset anticoagulant over- 
dosage, and whenever vitamin-K utilization is impaired. 


KONAKION®—brand of vitamin K, 
ROCHE® Capsules—5 mg; Ampuls—1 mg/0.5 cc; 10 mg/1 cc; 25 mg/2.5 ec 


ROCHE LABorATORIES: Division of Hoffmann-La Roche Inc*Nutley 10, New Jersey Raa 
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NOW 


12.0 new way 


to reizeve pain 


and stiffness 
an muscles 


and joints 


INDICATED IN: 


MUSCLE STIFFNESS 


LUMBOSACRAL STRAIN 


SACROILIAC STRAIN 


WHIPLASH INJURY 


BURSITIS 


SPRAINS 


TENOSYNOVITIS 


FIBROSITIS 


FIBROMYOSITIS 


LOW BACK PAIN 


DISC SYNDROME 


SPRAINED BACK 


“TIGHT NECK” 


TRAUMATIC STRAINS 
AND BRUISES 


POSTOPERATIVE 
MYALGIA 





@ Exhibits unusual analgesic properties, different from those 
of any other drug Specific and superior in relief of SOMAtic pain 


@ Modifies central perception of pain without abolishing natural 


defense reflexes ™ Relaxes abnormal tension of skeletal muscle 


SONv 


N-isopropy!-2-methy!-2-propyl-1, 3-propanediol dicarbamate 


@ More specific than salicylates ™ Less drastic than steroids 


® More effective than muscle relaxants 


soma has an unique analgesic action. It apparently modifies central pain 
perception without abolishing peripheral pain reflexes. SoA is particularly 
effective in relieving joint pain. Patients say that they feel better and sleep 
better with SoMA than with any previously used analgesic, sedative or 


relaxant drug. 
SoMA also relaxes muscle hypertonia, with its stresses on related joints, 


ligaments and skeletal structures. 
acts FAST. Pain-relieving and relaxant effects start in 30 minutes and 
last 6 hours. 


NOTABLY SAFE. Toxicity of SOMA is extremely low. No effects on liver, 
endocrine system, blood pressure, blood picture or urine have been re- 
ported. Some patients may become sleepy on high dosage. 


EASY TO USE. Usual adult dose is one 350 mg. tablet 3 times daily and at 
bedtime. 


SUPPLIED: Bottles of 50 white sugar-coated 350 mg. tablets. 
Literature and samples on request. 


® 
) WALLACE LABORATORIES, NEW BRUNSWICK; N. 4. 
















for induction anesthesia 
there’s no “fighting” it 
» VINETHEN E’ 


(VINYL ETHER FOR ANESTHESIA, U.S.P.) 





Patients rarely fight induction with VINETHENE. 
Its action is rapid and smooth, seldom causing 
excitement or nausea. Used prior to maintenance 
with ether, VINETHENE largely spares the patient 
from irritation to mucous membranes. 

Also valuable in short operative procedures by 
itself and as a complement to less potent agents 
such as ethylene or nitrous oxide. VINETHENE has 

been used with confidence for well over 25 years. 


SUPPLIED: In 10-cc.. 25-ce.. 50-cc., and 75-cc. bottles, 
each with adjustable plastic dropper cap. 


VINETHENE ts a trademark of Merck & Co., INC. 







@: MERCK SHARP & DOHME 
Division of Merck & Co.. inc., Philadelphia i, Pa. 
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advancing with surgery 


ETHICON 
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aalela=m o)ii- tell 


Atlas of TUMORS of 
the NERVOUS SYSTEM 





ITH an average of more 
than one color plate per 
page, this authoritative one- 


volume atlas depicts both gross and 
microscopic features of all tumors 
of the brain, spinal cord and periph- 
eral and sympathetic nervous sys- 
tems. Full attention is devoted, also, 
to space-occupying lesions such as 
infectious granulomas and metastatic 
tumors. The extensive use of color 
in this beautifully printed book 
serves two practical purposes: 1, It 
enables all who use it to compare 
their own specimens with the diag- 
nostic illustrations; 2, It becomes an 
actual and highly desirable substi- 
tute for the insufficient quantity of 
tumor material of the nervous sys- 


By 
H. M. ZIMMERMAN, M.D. 


Chief, Laboratory Division, Montefiore Hospital, 
and Professor of Pathology, College of 
Physicians and Surgeons, Columbia 
University, New York City 


MARTIN G. NETSKY, M.D. 


Associate Neuropathologist and Associate Attend- 
ing Physician in Neuropsychiatry, Monte- 
fiore Hospital, New York City. Presently 

Professor of Neuropathology and Pro- 
fessor of Neurology, The Bowman 
Gray School of Medicine of Wake 

Forest College, Winston-Salem, 
North Carolina 


LEO M. DAVIDOFF, M.D. 


Attending Neurological Surgeon, Montefiore 
Hospital, and Professor and Chairman, 
Department of Surgery, Albert Einstein 
College of Medicine, New York City 


tem that is available in most medical centers. In addition to the profuse diagnostic 
guidance this atlas contains, there is full consideration of the biologic behavior, 
incidence, localization, treatment and prognosis of the neoplasms discussed. The 
effects of increased intracranial pressure on the brain are covered in detail. 


With the growth of neurological surgery has come a complexity of surgical pro- 
cedures for numerous operations other than brain tumors. That is why this 
graphic presentation has such great practical appeal to neurosurgeons, surgeons, 
neurologists, pathologists, orthopedists, radiologists and others whose work 
touches upon this important branch of medicine. 


Partial Contents 


Intracranial Tumors: Gliomas, Meningiomas, Neurinomas, Pituitary and Congenital Tumors, 
Sarcomas, Choroid Plexus Tumors, Metastatic Neoplasms. Granulomas. Effects on Brain 
from Increased Pressure. Spinal Tumors: Gliomas, Meningiomas, Perineurial Fibroblastoma, 


Congenital Tumors, Metastatic Neoplasms, Effects of Compression of the Spinal Cord. 


Tumors of the Peripheral Nerves: Perineurial Fibroblastoma, Neurofibroma and Neurofibro- 
matosis, Neurogenic Sarcoma. Tumors of Sympathetic Ganglions: Ganglioneuroma. Neuro- 
blastoma. Tumors of Paraganglionic Cells. Bibliography. Appendix. Index. 


191 Pages, 7” < 10”. 277 Illustrations, 233 in Color. 4 Tables. $25.00 
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-INFARCTIO 


INJECTION 


METARAMINOL 


provides combined pressor, myocardium- 
Stimulating effect with no tissue slough reported 


ARAMINE ‘‘Metaraminol combines strong pressor effect with 
myocardial-stimulating action... .'" 

ARAMINE can be administered for balanced pressor, myo- 
cardium-stimulating effect by any desired route—intravenous, 
intramuscular or subcutaneous—with no reported tissue slough 
and with minimal risk of causing arrythmias. Repeated injections 
of ARAMINE appear to elicit no tachyphylactic response. 

ARAMINE is always ready for immediate use—no dilution is re- 
quired. These advantages of ARAMINE make it equally valuable 
in shock accompanying anaphylaxis, brain damage, infectious 
disease, hemorrhage, surgery, trauma. 


Supplied: in 1-cc. ampuls and 10-cc. vials (10 mg. per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 


ADDITIONAL information is available to physicians on request. Address Professional Service 
Department, West Point, Pa. 

1. Selzer, A. and Rytand, D.A.: COUNCIL ON DRUGS, Report to Council J.A.M.A. 168:762, 
(Oct. 11) 1958. 











i MERCK SHARP & DOHME 


Division of Merck & Co., INC. Philadelphia 1, Pa. 
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my FOREGGER 


as 
the 


FOREGGER 
PULSPIRATOR 


Revolutionary New Type of 


PUMP-OXYGENATOR 





<I] 


Proudly Announces 


No Blood Priming Required 

The Pulspirator is primed with only one liter of physiologic saline 
solution which remains trapped during operation in a compartment 
above the level of the blood circuit. Blood aspirated from the oper- 
ative field is passed to the oxygenator by low pressure suction. 
Amount of displacement blood required has averaged less than 
200 cc. 


No Electricity Required 
Pump operates by oxygen from line pressure or cylinder. In an 
emergency, pump may be converted instantly to manual operation. 


Low in Cost 


Minimum Number of Parts 
May be autoclaved. Minimal connections required. 


Simple Operation 

Pump and Oxygenator are adjusted independently. Pump has only 
one frequency control. Pump may be adjusted for pulsatile or non- 
pulsatile operation. 


Completely Portable 
Weighs only 75 Ibs. Dimensions: 14” wide x 28” long x 30” high 


Details of Price and delivery will be announced later. 


THE FOREGGER COMPANY, INC. 


‘FOREGGER ROSLYN HEIGHTS, L.1., N.Y. 


Anesthesia and Oxygen Apparatus since 1914 
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for that all-important first dose 
of broad-spectrum antibiotic therapy 


New 
THERRAMYCIN: 


brand of oxytetracycline 


INTRAMUSCULAR 


SOLUTION 


: © 
Initiation of therapy in minutes after diagnosis with new, 
ready-to-inject Terramycin Intramuscular Solution provides maximum, 
UE) ¢- Il al-1eMe-] o}-to) go) d[e]a me) i ole) ¢-1a] alo) gey-leps-yol-lidae lan @-loid hha’ 


...and for continued, compatible, 


coordinuted therapy 


COSA-TERRAMYCIN: 


oxytetracycline with glucosamine 


O72 0 ate) OF Bi DiS 


Continuation with oral Cosa-Terramycin every six hours will 
provide highly effective antibacterial serum and tissue levels for, 
fe}ge}en) olan iani-rendlelaimers)alage) B q 


The unsurpassed record of clinical effectiveness and safety established for 
Terramycin is your guide to successful antibiotic therapy. 


Supply: 
Terramycin Intramuscular Solution* 
100 mg./2 cc. ampules 250 mg./2 cc. ampules _ 


Cosa-Terramycin Capsules 
125 mg. and 250 mg. 


Cosa-Terramycin is also available as: 
Cosa-Terramycin Oral Suspension — peach flavored, 
125 mg./5 cc., 2 oz. bottle 


Cosa-Terramycin Pediatric Drops — peach flavored, 
5 mg./drop (100 mg,./cc.), 10 cc. bottle with plastic calibrated dropper 


Complete information on Terramycin Intramuscular Solution and 
Cosa-Terramycin oral forms is available through your Pfizer Representative 
or the Medical Department, Pfizer Laboratories. 


Contains 2% Xylocaine® (lidocaine), trademark of Astra Pharmaceutical Products, Inc. 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co. 
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MI-CEBRIN®... broad vitamin-mineral 
support to help maintain tissue integrity 


““Mere duration of life is not enough,” stresses Spies;! ‘‘. . . we must devise methods 
which make old age wait.’’ These, he says, are chiefly dependent on nutrition and 
the metabolic state. Althcu iutrition is a problem that involves all essential 
nutrients, vitamins and min.. :s play a vital role in the production and main- 
tenance of healthy tissues. 

Mi-Cebrin supplies 11 vitamins and 10 minerals in an attractive, easy-to- 
take tablet. Just one tablet a day will prevent practically all known vitamin- 
mineral deficiencies. Prescribe Mi-Cebrin as a part of your total effort to extend 
the prime of life of your adult patients. 

Mi-Cebrin® (vitamin-minera! supplements, Lilly) 


1. Spies, T. D.: The Influence of Nutritional Processes on Aging, South. M. J., 50:216, 1957. 
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INTRAVENOUS CONTRAST MEDIA 


FOR VIRTUALLY EVERY UROGRAPHIC 


AND ANGIOGRAPHIC NEED.. 


Squibb Diatrizoate Methylglucamine 


RENOGRAFIN 76% 


for intravenous urography 
and angiography. Ampuls 
of 20 cc. and 1 cc. for 


sensitivity ¢esting. Each cc. 


contains 760 mg. of dia- 
trizoate methylglucamine. 


[ ead 


RENOGRAFIN 60% 


for intravenous urography 
and angiography. Ampuls 
of 25 cc. and 1 cc. for. 


sensitivity testing. Each cc. 


contains 600 mg. of dia- 
trizoate methylglucamine. 


RENOGRAFIN 30% 


for retrograde 
pyelography. Rubber- 
capped vials of 

50 cc. Each cc. contains 
299 mg. of diatrizoate 
methylglucamine. 


Squibb Diatrizoate Methylglucamine and Neomycin Sulfate 


FOR RETROGRADE PYELOGRAPHY WITH 
ADDED ANTIBACTERIAL PROTECTION... 


Retrografin provides ail the advantages of Renografin 30% and in addition, it contains 212% 
neomycin-(as sulfate) for widely effective bactericidal action in cases of proved or 
suspected urinary tract infection. Supplied in 50 cc. vials. 


. well tolerated systemically and locally. . . 
“In view of the low incidence of reactions, we prefer Renografin to other opaques tested.” 
DeCarlo, J., and Séd, L.M.: Clinical Report to the Squibb Institute for Medical Research, March, .1956. 


excellent visualization . . 
. excellent opacification was obtained in a high percentage of the patients...” 
Dennis, J.M.: Clinical Report to the Squibb Institute for Medical Research, March, 1996. 


permits rapid completion of the urographic examination . 
“‘As little as 5 minutes after the end of the injection, we 2 obtained constant and good 


visualization of the renal pelvis and calyces.” 
Babaiantz, L., and Wieser, C.: Praxis 44:454 (May 19) 1955. 
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ALTAFUR 


In a series of 159 patients with various types 
of surgical infections (cellulitis, abscess, 
wound infections), ALTAFUR was employed 
with eminently satisfactory results. The in- 
cidence and magnitude of surgery were 
considerably reduced in these cases, and 
when surgical intervention was necessary it 
could be delayed until the inflammatory 
process had receded or become localized. 

Excellent therapeutic response was obtained 
in patients with infections due to coagulase 
positive Staphylococcus aureus, beta hemo- 
lytic Streptococcus, and Escherichia coli; 


these organisms were uniformly susceptible 


in surgical (soft tissue) infections 


to ALTAFUR in vitro. An insensitive strain of 
Pseudomonas aeruginosa was isolated from 
the single patient who failed to respond. 
ALTAFUR was given orally to 150 patients, 
the majority receiving 100 mg. four times 
daily.* Duration of treatment ranged from 
4 to 30. days, averaged 6 days. An experi- 
mental intravenous preparation of ALTAFUR 
was administered to 9 patients who could 
not take medication by mouth or whose con- 
dition warranted exceptionally high dosage. 
There was no clinical or laboratory evidence 
of toxicity in any case, and ALTAFUR was 
well tolerated by all but 1 of the 159 patients. 


Prigot, A.; Felix, A. J., and Mullins, S.: Paper presented at the Symposium on Antibacterial Therapy, 


Michigan and Wayue County Academies of General Practice, Detroit, September 12, 1959 (published Nov. 1959) 


*Experimental dosage (see dosage recommendations adjacent) 





bright new star 


in the antibacterial firmament 


brand of furaltadone 


the first nitrofuran effective orally 


in systemic bacterial infections 


Antimicrobial range encompasses the majority of common 
infections seen in everyday office practice and in the hospital 
Decisive bactericidal action against staphylococci, streptococci, 
pneumococci, coliforms 
Sensitivity of staphylococci in vitro (including antibiotic- 
resistant strains) has approached 100% 
Development of significant bacterial resistance has 
not been encountered 

m Low order of side effects 


Does not destroy normal intestinal flora nor encourage 
monilial overgrowth (little or no fecal excretion) 


Tablets of 50 mg. (pediatric) and 250 mg. (adult) 

Average adult dose: 250 mg. four times a day, with food or milk 
Pediatric dosage: 22-25 mg./Kg. (10-11.5 mg./lb. body weight daily 
in 4 divided doses 


CAUTION: The ingestion of alcohol in any form, medicinal 


or beverage, should be avoided during Altafur therapy. 


NITROFURANS=—a unique class of antimicrobials 
EATON LABORATORIES, NORWICH, NEW YORK 
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PHARMACOLOGY 
THERAPEUTICS 


FIRST ISSUE: January 1960 





CLINICAL PHARMACOLOGY AND THERAPEUTICS wil! publish 
objective and authoritative papers dealing with the evaluation 
of the effects of drugs in man. It will present comprehensive 
papers on new drugs and critical re-evaluations of old ones. 

It will include editorials, symposia, reviews and a 
correspondence section for informal reports. It will also offer 
brief commentaries on new pharmaceuticals as they are 
introduced, with advice and prognostications of authorities, 

as unbiased guides to their use before extensive clinical 
experience is available. 


Papers to Appear in Early Issues: 


The Actions and Uses of Anthelmintics . . . The Respiratory 
and Circulatory Effects of Opiates and Narcotic Antagonists 
... The Pharmacologic Basis . - the Choice and Use of Drugs 
in Myasthenia Gravis... The Present Status of Anabolic 
Agents... The Actions and Uses of Hypoglycemic Agents... 
The Mechanism of Action of Diuretics in Hypertension .. . 
The Newer Drugs in Amebiasis . .. The Reliability of Reports 
on Drug Evaluations in Man... Experimentation with New 
Drugs on Man: A Symposium . .. Pharmacology of Muscle 
Relaxants in Man. 


THE C. ¥. MOSBY COMPANY, 3207 Washington Boulevard, St. Louis 3, Missouri 


Dear Sirs: I 5 bain coc dearth asn Mines wana die 
Enroll me as a Charter Subscriber to CLINICAL PHARMACOLOGY AND 
THERAPEUTICS. Send the first two issues free. Bill me for $12.50 (Canada & 
Latin America, $13.00; elsewhere, $13.50) for the next six bimonthly issues. 


Ce oe tO IOON TOO Bie osnscecsccicacwsecncesccsssucees O Bill me, 


(Attach your check; receive 3 issues free!) 


e 
2 
* 
e 
* 
2 
a 
0 | am in General Practice Bed WE Was. hic cc dessacecncdaaxassas e 
« 
o 
e 
e 
e 


Surgery 

















reduces pain 
in angina pectoris 


NIAMID, in intensive clinical tests, has 
proved to have a high degree of safety 
and to be a valuable adjunct in the 
management of the anginal syndrome. 
NIAMID produces striking symptomat- 
ic improvement in angina patients... 


Note: Because of dramatic relief of symp- 
toms and increased sense of well-being in 
anginal cases, it is advisable to caution the 
patient against overexertion. 


DOSAGE: Start with 75 mg. daily in single 
or divided doses, and adjust according to 
patient response. NIAMID acts slowly, with- 
out rapid jarring of physical or mental 
processes. While some patients respond to 
NIAMID within a few days, most patients 
require at least two weeks before gaining 
full therapeutic benefit. Others may need a 
longer period of therapy. NIAMID is avail- 
able as 25 mg. (pink) and 100 mg. (orange) 
scored tablets. 


A Professional Information Booklet giv- 
ing detailed information on NIAMID is 
available on request from the Medical De- 
partment, Pfizer Laboratories, Division, 
Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 


*Trademark for nialamide 


Science for the world’s well-being™ 











HENRI L. DuVRIES, M.D., Clinical 
Instructor in Surgery, Chicago Medical 
School; Attending Surgeon, Columbus 
Hospital, Mother Cabrini Hospital and 
Frank Cuneo Hospital; Chairman, De- 
partment of Surgery, Illinois College 
of Chiropody and Foot Surgery, Chi- 
cago. Just published. 494 pages, 
634” x 934”, 403 illustrations. 
Price, $12.50. 


CONTENTS 


Structure and Function 
Examination and Diagnosis 


Operative Principles and 
Requirements 


Infections of the Foot 

Burns and Freezing; Foreign Bodies 
and Gunshot Wounds; Sprains and 
Athletic Injuries 

Ulcers: The Foot in Diabetes 

Tumors; Cysts; Exostoses 

Disorders of the Skin 

Diseases and Deformities of the 
Toenail 

Disorders of Synovia and Fascia 

Disorders of Tendons 

Disorders of the Sesamoids 

Diseases of Nerves 


Aseptic Necroses; Osteochondritis; 
Atrophy of Bone; Arthritides 


Fractures and Dislocations 

Static Deformities 

Anomalies and Congenital Defects 
Amputcations 
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A New Book That Gives You the 
Proper Surgical Treatment for 


Virtually All Your Foot Cases 


Just Published! 


SURGERY OF THE FOOT 


Enables You to Share the Skill and Experience 
of One of the Country’s Leading Foot Specialists 


Here is a book that gives you up-to-date, practical advice on 
virtually every foot surgery problem you encounter in your 
practice. Abundantly illustrated with more than 400 drawings, 
photographs and roentgenograms, SURGERY OF THE FOOT 
discusses basic principles and proper surgical treatment for 
everything from such minor problems as the ingrown nail to 
such major problems as the clubfoot. 


While other books deal mainly with the extreme disabilities, 
this practical volume emphasizes the “minor” injuries—infec- 
tions, burns and freezing, sprains, tumors and cysts, skin dis- 
orders and many other foot problems you encounter most fre- 
quently in practice. 


With this helpful book you feel as though you have the per- 
sonal guidance of one of the country’s leading foot specialists. 
Dr. DuVries shows you how to examine the foot and make an 
accurate diagnosis. He presents concise but detailed discussions 
of treatment in step-by-step form and explains general operative 
principles. Finally, the author makes many common-sense sug- 
gestions that can be helpful when you are confronted with sim- 
ilar operative problems. 


In this one comprehensive volume Dr. DuVries brings to- 
gether for the first time a complete coverage of the subject and 
presents many of his procedures which have never appeared in 
published form before. Examine the list of contents and dis- 
cover what a valuable aid this book could be to you. 
Order a copy today! 


Use This Coupon to Order on 10 Day Approval 


sn ce i ii i i eis i i ci win ‘i as sien: sl i ic i aie i = 
The C. V. Mosby Company 
3207 Washington Boulevard, St. Louis 3, Missouri | 
Dear Sir: BE iicGimnanmmaadammeaicnnewemueh 
Please send me on 10 day approval a copy of DuVries SURGERY OF | 
THE FOOT, priced at $12.50. | understand that if | am not completely | 
satisfied, | can return the book within 10 days with no charge or obliga- | 
tion. If remittance is enclosed, publisher pays the mailing charge. | 

[-] Payment enclosed [-] Charge my account | 

(Same return privilege) 
a hil bd career trilnahnaxnnwensannianiahunett M.D. | 
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faster recovery, greater comfort 
for your OB-GYN patients 




































































Administered before and after cervicovaginal surgery, irradiation, delivery, 
and office procedures such as cauterization, FURACIN CREAM promptly controls 
infection; reduces discharge, irritation and malodor; hastens healing. FURACIN 
CREAM is active in the presence of exudates, yet is nontoxic to regenerating 
tissue, does not induce significant bacterial resistance nor encourage monilial 
overgrowth. 


FURACIN CREAM 


BRAND OF NITROFURAZONE 


Furacin 0.2% in a fine cream base, water-miscible and self-emulsifying in body fluids. Tubes of 
$ oz., with plastic plunger-type vaginal applicator. Also available: Furacin Vaginal Suppositories. 


l ] THE NITROFURANS —a unique class of antimicrobials 
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greater antibiotic activity 


Milligram for Milligram, DECLOMYCIN exhibits 2 to 4 times 
the activity of tetracycline against susceptible organisms. 
(Activity level is the basis of comparison—not quantitative 
blood levels—since action upon pathogens is the ultimate 
value.*) Provides significantly higher serum activity level... 


with far less antibiotic intake 


DECLOMYCIN demonstrates the highest ratio of prolonged 
activity level to daily milligram intake of any known broad-spectru 
antibiotic. Reduction of antibiotic intake reduces likelihood of 
adverse effect on intestinal mucosa or interaction with contents 


1) unrelenting peak 


antimicrobial attack 


The DECLOMYCIN high activity level is uniquely constant 
throughout therapy. Eliminates peak-and-valley fluctuation, 
favoring continuous suppression. Achieved through 
remarkably greater stability in body fluids, resistance to 
degradation and a low rate of renal clearance. 

















*Hirsch, H.A., and Finland, M.: 
New England J. Med. 
260:1099 (May 28) 1959. 
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Demethylchlortetracycline Lederle 
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day” 
ay 
" activity DECLOMYCIN maintains 
FOR PROTECTION activity for one to two days 
AGAINST after discontinuance of dosage. 





Features unusual security against 
resurgence of primary infection or 
secondary bacterial invasion —two 
factors often resembling a “resistance 
problem”—enhancing the traditional 
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ed advantages of tetracycline... for 
ctru greater physician-patient benefit 
of 


in the distinctive, dry-filled, 
duotone capsule 






immediately available as: 
DECLOMYCIN 
Capsules, 150 mg., 
bottles of 16 and 100. 
Adult dosage: 1 capsule 
four times daily. 












LEDERLE LABORATORIES 
a Division of 
AMERICAN CYANAMID COMPANY 
Pearl River, New York 
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Keep Abreast of Recent Advances in Treating Anorectal 
Diseases With This Concise, Well-Illustrated Guide 


Ross SYNOPSIS OF TREATMENT 
OF ANORECTAL DISEASES 


By eliminating bibliography, statistics, historical discussions and unrelated 
material—and by emphasizing diagnostic procedures, medical management 
and surgical techniques—this new book gives you extremely practical help 
on the treatment of anorectal diseases in concise, yet complete form. 


For every common anorectal problem, you'll find well-illustrated discus- 
sions of symptoms and examination technique, etiology and pathology, 
procedures for determining a definitive diagnosis and essentials of treat- 
ment including operative technique and specific drug therapy. In many 
cases photos of gross and roentgenographic findings are included to aid 
you in diagnosis. Surgical procedures are illustrated with atlas-type draw- 
ings. 


The author discusses recent advances in the management of chronic ul- 
cerative colitis including the use of steroids. Furthermore, subjects not 
always found in proctologic texts such as hidradenitis, suppurativa, proc- 
talgia fugax and coccygodynia are covered and add much to the practical 
help this book can give you. 

By STUART T. ROSS, M.D., F.A.C.S., F.1.C.S., Diplomate of the Ameri- 
can Board of Proctology; Secretary of the American Board of Proctology; 
Fellow and Past President of the American Proctologic Society; Fellow 
of the New York Proctologic Society; Fellow of the Pennsylvania Proc- 
tologic Society; Honorary Fellow of the New Jersey Proctologic Society. 


Published June, 1959. 240 Pages, 474” x 754”, 79 Illustrations, 
Price, $6.50 


Purchase Any of Three Ways: 


At Your Favorite Bookstore 
From Our Personal Sales Representative 
Or Order on 10 Day Approval From 


Cy 


3207 Washington Blvd. 
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PROVEN EFFECTIVE 
FOR THE TENSE AND 
NERVOUS PATIENT 


**There is perhaps no other drug introduced in 
recent years which has had such a broad spec- 
trum of clinical application as has meproba- 
mate.* As a tranquilizer, without an autonomic 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many crganic diseases 
with a tension component. od 
Krantz, J. C., Jr.: The restless 
patient — A psychologic and 


pharmacologic viewpoint. 
Current M. Digest 


=“ Miltown 


62; the original meprobamate, discovered and introduced by 
Wf WALLACE LABORATORIES, New Brunswick, N. J. 





Greater effectiveness: prompt and sustained relief with 
fewer doses. Fewer side effects: little or no nausea or 
vomiting m not constipating — LERITINE is spasmolytic 
= minimal unwanted CNS effects—no convulsions or simi- 


lar neurologic phenomena reported in therapeutic dosage. 


TABLETS 25 mg,., in bottles of 100 and 500, PARENTERAL SOLUTION: 25 mg. per cc., in 1-cc. and 2-cc. ampuls; 
go-cc. vials. WARNING: May be habit-forming. NOTICE: Subject to Federal Narcotic Law. 
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MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA, 


* Leritine is a trademark of Merck & Co., Inc. 
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SULFASUXIDINI 


simpler: Preoperative administration of SuLFasuxipiNE simplifies bowel surgery. 
“Intestinal anastomoses can be performed by the open technic and multiple- 
stage procedures reduced to a single-stage resection.”* 

smoother: After surgery, “the postoperative course is unusually smooth, abdom- 
inal distention absent, gas pains are mild, and the danger of peritonitis and 
deep abscesses from gross fecal contamination is minimized.’’* 

safer: SuLFAsuxiDINE is exceptionally well tolerated— nausea and vomiting prac- 


tically never occur...incidence of other reactions is only one percent. 


*Goodman, L. S., and Gilman, A.: The Pharmacological Basis of Therapeutics, Ed. 2, The Macmillan Com- 
pany, 1955, p. 1312. 

Daily dosage: 41/2 to 6 tablets six times daily. Children—0.25 Gm./Kg. daily in six divided doses. Available: 
As 0.5 Gm. tablets in bottles of 100 and 1000, and as a powder in 1-ib. bottles. SuLrasuxipine is a trade- 
mark of Merck & Co., Inc. 


Additional literature is available to physicians on request. 
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AN ITCH! 





Itching can be ieimente ~oparticuta dy a the surgical na- 
tient in a castSrin tape. Ehe nage to relieve his itch is 
with a potent bral antipruritiey, -. like ‘Temaril’. Tradition- 
ally, cast and ° “post- op’ ' patients. drave had to grin and bear 
it, but now, wifh-Temaril’, you’can make them comfortable 
and enable them to sleep soundly. 


TEMARL’ ablets & syrup 


brand®{ trimeprazine 





SMITH KLINE &9’FR fecte WBORATORIES Of) 
one ag 


‘ 








